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bovine r h i n o t r a c h e i t i s  v i ru s e s .  The t o t a l  
q u a n t i t y  o f  v i ru s  re le a s e d . 128
FIGURE 39 . Unenveloped v i ru s  p a r t i c l e s  are seen in the  
nucleus.  X 6 0 ,0 00 , 129
FIGURE 4 0 o In the cytoplasm, many enveloped v i ru s
p a r t i c l e s  are seen in groups in e le c t r o n  
dense m a t r ic e s .  X 3 2 ,0 00 . 130
F IGURE 4 l . E x t r a c e l l u l a r  v i ru s  p a r t i c l e s  are seen along 
the c e l l  sur face  membrane. X 60 ,0 00 . 131
FIGURE 4 2 . Unenveloped v i r u s  p a r t i c l e s  are  seen in the  
nucleus.  X 4 0 ,0 0 0 . 132
FIGURE 4 3 . Three groups of  v i r u s  p a r t i c l e s  are seen in 
e le c t r o n  dense m a t r ic e s .  Vi rus p a r t i c l e s  
are  a ls o  seen in cytoplasmic  vacuoles.  X 40 ,000 , 133
FIGURE 4 4 . V i rus  p a r t i c l e s  are seen Î n t ra n u c le a r l  y and
e x t r a c e l l u l a r l y ,  a t  t h e  c e l l  sur face  membrane. 
X 4 0 ,0 0 0 . 134
FIGURE 4 5 . I n t r a n u c le a r  v i ru s  p a r t i c l e s ,  w i th  dense
cores ,  are seen in an e le c t r o n  dense. X 120 ,000 .  135
FIGURE 4 6 . E x t r a c e l l u l a r  v i r u s  p a r t i c l e s  are  seen along
the c e l l  sur face  membrane and in t ra c y to p la s m ic  
v i r u s  p a r t i c l e s  are  seen in vacuoles.  X 4 0 ,0 0 0 . 136
FIGURE 4 7 . V irus  p a r t i c l e s  are  seen a t  the surface  o f
2 c e l l s  and w i t h i n  the nucleus o f  the c e l l  on 
the  r i g h t .  X 4 0 ,0 0 0 . 137
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FIGURE 4 8 . The r e s u l t s  of  the n e u t r a l i s a t i o n  o f  the
r a b b i t  antiserum aga ins t  the Str ichen s t r a i n  
o f  i n f e c t io u s  bovine r h i n o t r a c h e i t i s  v i rus  
with  the S t r ic h e n ,  Oxford and Colorado s t r a in s 139
FIGURE 4 9 . The r e s u l t s  o f  the  n e u t r a l i s a t i o n  o f  the
bovine ant I serum aga ins t  the S tr ichen  s t r a i n  
of in fe c t io u s  bovine r h i n o t r a c h e i t i s  v i rus  
w ith  the S t r ic h e n ,  Oxford and Colorado s t r a in s 140
FIGURE 5 0 * The r e s u l t s  o f  the n e u t r a l i s a t i o n  of  the
r a b b i t  antiserum a ga ins t  the Colorado s t r a i n  
of  in fe c t io u s  bovine r h i n o t r a c h e i t i s  v i ru s  
w ith  the  S t r ic h e n ,  Oxford and Colorado s t r a in s 141
F IGURE 5 1 . The r e s u l t s  of  the n e u t r a l i s a t i o n  o f  the
r a b b i t  ant iserum aga ins t  the Oxford s t r a i n  
of  in fe c t io u s  bovine r h i n o t r a c h e i t i s  v i ru s  
w i th  the S t r i c h e n ,  Oxford and Colorado s t r a in s 142
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FIGURE 52.  The mean t o t a l  w h i te  blood c e l l  and neutrophi l  
numbers on s p e c i f i c  days fo l lo w in g  chal lenge  
of  3 groups o f  c a t t l e  w i th  the S t r ich en  s t r a i n  
o f  i n f e c t io u s  bovine r h i n o t r a c h e i t i s  v i r u s . 159
FIGURE 5 3 . Experimental  încontact  Case No. B6 w i th
marked widespread g ra n u la r  les ions to  be seen 
in the  c o n ju n ct iv a  and s c le r a .  There is a ls o  
mucopurulent o c u la r  d ischarge. 163
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FIGURE 54 . Sag i ta l  sect ion  o f  exper imental  Case No. B4 
in fe c te d  w i th  IBR-Str ichen  s t r a in  and k i l l e d  
on day 6 p o s t - i n f e c t i o n . There ts necros is  
of the ven t ra l  concha w i th  debri  l y in g  in the  
nasal passages. Many petechia l  haemorrhages 
can be recognised throughout the nasopharynx,
FIGURE 5 3 . Larynx and t rachea from exper imental  Case
No, B4 k i l l e d  on Day 6 . .  There is oedema and 
many small pe tech ia l  haemorrhages.
164
165
FIGURE 5 6 . Scanning e le c t r o n  micrograph o f  the trachea
of  Case No. B4. The c i l i a  in the cen t re  have 
been destroyed by the  v i r u s  exposing the ducts 
o f  the submucosal glands.  X 1 ,250 . 166
FIGURE 5 7 . Scanning e le c t r o n  micrograph o f  the trachea  
of  exper imental  Case No. B4, Mucus can be 
seen coming out of  the  submucosal gland duct,  
X 5 ,0 0 0 . 167
FIGURE 5 8 . T r a c h e i t i s  w i th  n e u t r o p h i l i c  i n f i l t r a t i o n  of  
lamina p ropr ia  and e p i t h e l iu m .  Note the  
d i l a t a t i o n  of  most of  the submucosal glands.  
HE X 110. 169
FIGURE 5 9 . Case No. C3 at  day 4 post i n f e c t io n  wi th  a 
profuse serous o c u la r  discharge th a t  las te d  
fo r  many days.  There is a lso  c o n j u n c t i v i t i s  
and c o n ju n c t iv a l  oedema, small g ranu la r  les ions  
are a lso  e v id e n t . 171
FIGURE 6 0 . Experimental  Case No. C4, 8 days p o s t - i n f e c t i o n  
w ith  IBR-S tr ichen  s t r a i n .  There is  a profuse  
seromucoid nasal d ischarge and a serous o c u la r  
discharge ,  which has matted the h a i r  on the a n im a l 's
face.  172
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F IGURE 6 1 , Sag i ta l  sec t ion  o f  the head o f  Case No. 03 
a t  day 4 pos t - i n f e c t Î on w i th  much n e c ro t ic  
debr is  l y in g  in the nasal passages. There 
is mucosal oedema and severe congestion w i th  
a few p e tech ia l  haemorrhages in the nasopharynx. 173
FIGURE 6 2 . Case No, C3 at  day 4 p o s t - i n f e c t i o n ,  w i th  an 
accumulation o f  t h i c k  mucus in the area o f  
Car ina , 174
FIGURE 6 3 . Case No. C 3 a t  day 4 p o s t - i n f e c t  ion,  w i th  a
mi ld  inf lammatory r e a c t io n  and s l i g h t  hyperp las ia  
of  the e p i th e l iu m  o f  the nasal conchae. HE X 250 175
FIGURE 6 4 . Case No. 03 at  day 4 p o s t - i n f e c t i o n ,  w i th
l a r y n g i t i s  c h a ra c te r is e d  by moderately severe  
accumulation o f  lymphocytes forming d is c r e t e  
aggregates; the glands are s l i g h t l y  d i l a t e d .  
HE X 110. 176
FIGURE 6 5 . The trachea  in Oase No. 03.  There is a 
moderate ly  severe t r a c h e i t i s  w i th  much 
inf lammatory exudate in the lumen. The 
submucosal glands are d i l a t e d  and some are  
surrounded by lymphocytes.  HE X 110. 177
FIGURE 6 6 . Case No. E l ,  4 days p o s t - i n f e c t i o n ,  w i th  the  
Colorado s t r a i n  of  IBR; there  is a 
mucopurulent nasal discharge which is most ly  
uni 1a t e r a l . 183
FIGURE 6 7 . Oase No. El a t  4 days p o s t - i n f e c t i o n ,  w i th  
mucus exudate in the  t ra c h e a . 184
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FIGURE 68 , Case No. E l ,  4 days p o s t - I n f e c t  Ion w i th  the
Colorado s t r a i n  of  IBR showing oedema and many 
petech ia l  haemorrhages in the la ry n x  and trachea 185
FIGURE 6 9 . Sag i ta l  sec t ion  o f  the head o f  Case No, F3,
4 days p o s t - i n f e c t  ion w i th  Oxford s t r a i n  of  IBR; 
there  are  no v i s i b l e  macroscopic l e s io n s . 189
FIGURE 7 0 ° Larynx and t rachea o f  Case No. F3 w i th  a small 
number o f  p i n - p o in t  haemorrhages in the  
a n t e r i o r  p o r t io n  o f  the t rachea . 190
The p o s t e r io r  vagina o f  a h e i f e r  2 days po s t ­
in f e c t i o n  by the in t ra v a g in a l  route w i th  the  
Str ichen  s t r a i n  of  in fe c t io u s  bovine 
r h i n o t r a c h e i t i s  v i r u s .  There Is congestion  
and numerous pustules on the vagina l  mucosa. 194
FIGURE 72 . The p o s t e r io r  vagina o f  a h e i f e r  3 days post ­
i n f e c t i o n  by the in t ra v a g in a l  route w i th  the  
Str ichen  s t r a i n  o f  in f e c t io u s  bovine 
r h i n o t r a c h e i t i s  v i r u s .  There is congest ion,  
numerous pustules (1 -2mm in diameter)  and a 
mucopurulent discharge on the f l o o r  o f  the vagina 195
FIGURE 7 3 . Case No. H4, a recovered IBR case,  17 days 
a f t e r  chal lenge  w i th  Pi ctyocaulus  v i v i  parus 
l a r v a e .  Sag i ta l  sec t ion  of  the head w i th  
severe p e te ch ia l  haemorrhages throughout the  
nasal passages and pharynx. 200
FIGURE 74 . A recovered case o f  IBR No. H4, 17 days a f t e r  
chal lenge  w i th  D ictyocaulus v i v i parus l a r v a e .
The la ry n x  and trachea have oedema in the mucous 
membrane and th e re  is  severe haemorrhage in the  
a n t e r i o r  p o r t io n  o f  the t rac h ea . 20 1
X X
PAGE
FIGURE 75 . Case No, H4, 17 days a f t e r  chal lenge w i th  
Dictyocaulus  v i v i parus l a r v a e ;  a la rge  
number o f  lungworms are  ly in g  w i t h i n  a major  
bronchus. 202
FIGURE 76 . A c lo se -up  view o f  the nose o f  a s t i r k
vaccinated w i th  Pneumovac and chal lenged w i th  
the S tr ichen  s t r a i n  of  in fe c t io u s  bovine 
r h i n o t r a c h e i t i s  v i r u s  6 weeks l a t e r .  Note 
the d i p h t h e r i t i c  les ions  on the mucosa o f  the  
nasal septum. 206
FIGURE 77 . A c lo se -up  view o f  the muzzle o f  a s t i r k
s u f f e r in g  from mucosal d isease.  Crusting of  
the muzzle and a b i l a t e r a l  mucopurulent nasal 
discharge can be seen. 222
FIGURE 78 . A c lo se-up view o f  the muzzle o f  an animal
s u f f e r in g  from mucosal disease.  A moderate  
amount o f  f r o t h y  s a l i v a  can be seen d roo l ing  
from i t s  mouth. Encrusta t ion  o f  the muzzle  
can be observed p a r t i c u l a r l y  a t  the skin-m uzzle  
ju n c t  ion. 223
FIGURE 7 9 . A c lose -up  view of the head of an animal  
s u f f e r in g  from malignant c a ta r rh a l  f e v e r .
Swel l ing  of  the e y e l id s  and k e r a t i t i s  can be 
seen. There is a profuse b i l a t e r a l  mucopurulent  
nasal d ischarge w i th  crack ing o f  the muzzle.  
Drool ing o f  s a l i v a  is a ls o  e v id e n t . 224
FIGURE 80 . A c lo se -up  view of  the eye o f  a Hereford
cross h e i f e r  s u f f e r i n g  from p h o to s e n s i t is a t io n ,  
There is c o n j u n c t i v i t i s ,  erosion o f  the  
e p i th e l iu m  and around the eye p a r t i c u l a r l y  a t  
the medial canthus and profuse 1achrymation.  
Note th e re  is no k e r a t i t i s . 225
X X  i
PAGE
F IGURE 81 . A c lo se -up  view o f  the head o f  a Hereford
cross h e i f e r  s u f f e r in g  from p h o t o s e n s i t is a t io n .
There is profuse lachrymat ion r e s u l t in g  in
m att ing  the h a i r  on the r i g h t  cheek.  The
surface  e p i th e l iu m  o f  the muzzle has cracked
and has peeled o f f  r e v e a l in g  s u b e p i t h e l ia l
t i s s u e s .  A s l i g h t  serous nasal discharge is
a ls o  e v i d e n t . 226
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SUMMARY
A severe form o f  in f e c t io u s  bovine r h i n o t r a c h e i t i s  was 
confirmed in r e c e n t ly  purchased f a t t e n i n g  c a t t l e  in the nor th east of  
Scotland during the w in te r -h o u s in g  per iod o f  1977-78.  During the  
remainder of  1978 and the subsequent w in te r -hous ing  p e r io d ,  many 
s i m i l a r  inc idents  were in v e s t ig a te d .
The f i r s t  signs o f  i l l n e s s  noticed by the  farmer were s l i g h t  
d u l ln e s s ,  reduced a p p e t i t e ,  serous o cu lar  and nasal d ischarge ,  an 
increased r a te  and depth o f  r e s p i r a t i o n  and the d roo l ing  o f  s a l i v a .  
Pyrexia  (103 - 107.5*^F) was always detected  on c l i n i c a l  examinat ion.
The serous 1achrymat lon,  which had re s u l te d  from c o n j u n c t i v i t i s ,  became 
mucoid or mucopurulent as the disease progressed. Con junct iva l  oedema 
and g ranu lar  les ions  on the con junct iva  were seen in severe cases.
The most common c l i n i c a l  sign was serous nasal discharge which became 
mucoid or mucopurulent in severe cases.  I n i t i a l l y ,  congestion o f  the  
nasal mucosae was present but then yel lowish-brown d i p h t h e r i t i c  plaques 
developed. In these cases h a l i t o s i s  was always d e tec ted .  Tachypnoea,  
hyperpnoea and f re q u e n t ,  s o f t ,  coughing were common. In p a r t i c u l a r l y  
s ev ere ly  a f f e c t e d  i n d i v i d u a l s ,  i n s p i r a t o r y  r e s p i r a t o r y  d is t r e s s  
developed as a r e s u l t  o f  o b s t ru c t io n  o f  the upper r e s p i r a t o r y  t r a c t .  
Pneumonia was r a r e l y  diagnosed except in terminal  cases.  Although  
droo l ing  o f  s a l i v a  was a ls o  a common f e a t u r e ,  the only  abnormal f in d in g  
was congestion o f  the ora l  mucous membranes. In a d d i t io n  to  the  
r e s p i r a t o r y  and o cu lar  s igns,  th e re  was a sudden drop in m i lk  y i e l d ,  
and even a g a l a c t i a ,  when l a c t a t i n g  d a i r y  c a t t l e  became a f f e c t e d .  M i l d l y  
a f f e c t e d  animals recovered a f t e r  about a week w h i le  s eve re ly  a f f e c t e d  
in d iv id u a ls  took longer to  recover .  The c l i n i c a l  response of sev ere ly  
a f f e c t e d  cases to  a n t i b i o t i c  therapy was v a r i a b l e .
The m o rb id i ty  r a t e  in many inc idents  was over 90 per cent .
In a number o f  inc ide n ts  f a t a l i t i e s  did not occur ,  w h i le  in the  others  
the  average m o r t a l i t y  r a t e  was 2 -3  per cen t .  At necropsy, inf lammat ion  
o f  the  upper r e s p i r a t o r y  t r a c t  w i th  a v a r i a b l e  degree o f  a d i p h t h e r i t i c  
pseudomembrane fo rmat ion  and numerous haemorrhages were c h a r a c t e r i s t i c  
f e a t u r e s .  In some cases the ye l lowish-brown n e c r o t ic  debr is  was present  
in s u f f i c i e n t  q u a n t i t i e s  to  produce almost t o t a l  o b s t r u c t io n  o f  the upper 
r e s p i r a t o r y  t r a c t  and la r y n x .  An acute  exudative  pneumonia in v o lv in g  
the  c r a n i o - v e n t r a l  lobes was present in every  case.  Thrombosis o f  the  
pulmonary ve ins  and renal  I n f a r c t i o n  were o f t e n  present .
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v i r u s  was Is o la te d  more f r e q u e n t ly  from nasal swabs (75%) 
than from o cu lar  swabs (67%) in the e a r l y  stages o f  the d isease.  in 
3 of  the 4 outbreaks from which pa i red  sera were o b ta in e d ,  a la rg e  
number o f  animals had developed serum n e u t r a l i s i n g  a n t ib o d ies  w i t h i n  a 
few weeks of  the outbreak o f  d isease .
Fo l lowing a s e ro lo g ic a l  in v e s t ig a t io n  in which 1152 sera from 
114 herds,  mainly  in the  Grampian and S t ra th c ly d e  reg ions ,  were examined,  
an t ib o d ies  were found in 140 samples (12%) and in 58 herds (51%) »
This f i g u r e  is cons iderab ly  g r e a t e r  than the preva lence of  a n t ib o d ie s  
found in previous s e ro lo g ic a l  surveys.  In the Grampian reg ion,  H o ls te in  
c a t t l e  had been imported in to  5 herds and the prevalence o f  an t ib o d ie s  
in these herds was s i g n i f i c a n t l y  g r e a t e r  than in the o ther  35 herds.
The c u l t u r a l  c h a r a c t e r i s t i c s  of  the new i s o l a t e  (S tr îchen  
s t r a in )  were found to  be s i m i l a r  to those of  the pro to type  Colorado and 
Oxford s t r a i n s .  Although the mean plaque sizes of  the S t r icke n  and 
Colorado s t r a in s  were s i g n i f i c a n t l y  g r e a t e r  than th a t  o f  the Oxford 
s t r a i n ,  the S t r ick e n  s t r a i n  was considerab ly  more r e s i s t a n t  to  the  
n e u t r a l i s i n g  e f f e c t  o f  c i r c u l a t i n g  an t ib o d ie s  than e i t h e r  o f  the other  
2 s t r a i n s .
When s usc e p t ib le  c a t t l e  o f  vary ing  ages were chal lenged  
In t ranasa l  1 y w i th  the S t r ic k e n  s t r a i n  o f  v i r u s ,  c l i n i c a l  signs s i m i l a r  
t o ,  but less severe than,  those observed in the f i e l d  inc idents  developed,  
The c l i n i c a l  disease was most severe In the 2 week and 5 week o ld  calves  
and f a t a l i t i e s  occurred in both age groups. Although the Colorado and 
Oxford s t r a in s  a ls o  induced c l i n i c a l  disease in s u sc e p t ib le  c a t t l e ,  the  
syndromes were less severe than t h a t  produced by the  S t r ick en  s t r a i n .
When s u s c e p t ib le  h e i f e r s  were chal lenged i n t r a v a g i n a l 1 y w i th  the  
S tr ic k e n  s t r a i n ,  in fe c t io u s  p u s tu la r  v u l v o v a g in i t i s  developed. The 
v a c c in a t io n  o f  s u sc e p t ib le  c a t t l e  w i th  a pen tava len t  in a c t i v a te d  vaccine  
conta in ing  antigens der ived  from in fe c t io u s  bovine r h i n o t r a c h e i t i s  v i ru s  
f a i l e d  to confer  a d e te c t a b le  degree of  p ro te c t io n  a g a in s t  cha l lenge  w i th  
the S t r ick e n  s t r a i n  o f  v i r u s .
The recent  inc iden ts  o f  in fe c t io u s  bovine r h i n o t r a c h e i t i s  were 
cons iderab ly  more severe than those p rev io u s ly  recognised in t h i s  country  
The most recent  v i r u s  i s o l a t e ,  which had probably been imported in to  
B r i t a i n  w i th  H o ls te in  c a t t l e ,  had b io lo g ic a l  c h a r a c t e r i s t i c s  d i f f e r e n t  
from the Oxford s t r a i n  o f  the v i r u s .  These p ro p e r t ie s  could e x p l a i n , i n  
p ar t  a t  any r a t e ,  the g r e a t e r  v i r u le n c e  o f  the S t r ick e n  s t r a i n  o f  v i r u s .
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ABBREVIATIONS
A l l  a b b rev ia t io n s  used in d i f f e r e n t  appendices or ta b le s  are  shown a t  
the  beginning o f  the appendix or a t  the end of  the  t a b l e  r e s p e c t iv e ly
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STATISTICAL METHODS
The s t a t i s t i c a l  methods used were the Chi -squared t e s t ,  
" S tu d e n t 's "  t  t e s t  and the c o e f f i c i e n t  o f  c o r r e l a t i o n .  The 
c a lc u la t io n s  were c a r r i e d  out on an " O l i v e t t i  programma 101" desk 
computer ( B r i t i s h  O l i v e t t i  L t d . ,  Berk ley Square, London),  Unless  
otherw ise  s ta te d ,  when a d i f f e r e n c e  is descr ibed as " s i g n i f i c a n t "  (S) 
t h i s  impl ies t h a t  the p r o b a b i l i t y  o f  i t s  r e s u l t in g  from chance is less  
than 5 per cent (p < 0 ,0 5 )  . When a d i f f e r e n c e  is descr ibed as 
" h ig h ly  s i g n i f i c a n t "  (HS) t h i s  impl ies  t h a t  the p r o b a b i l i t y  of  i t s  
r e s u l t i n g  from chance is less than 1 per cent (p < 0 . 0 1 ) ,  When a 
d i f f e r e n c e  is described as "very  h ig h ly  s i g n i f i c a n t "  (VHS) t h i s  impl ies  
t h a t  the  p r o b a b i l i t y  o f  i t s  r e s u l t i n g  from chance is less than 0.1 per  
cent (p < 0 .0 0 1 )  .
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INTRODUCTION
In fe c t io u s  bovine r h i n o t r a c h e i t I  s (IBR) Is a severe upper
r e s p i r a t o r y  t r a c t  disease c h a ra c te r is e d  by a norex ia ,  depression,  p y r e x ia ,
nasal discharge and coughing,  Lachrymation and c o n j u n c t i v i t i s  are  o f ten  
prese nt .  This d is o r d e r ,  which was f i r s t  recorded in the United S ta tes  of  
America in 1950's (Shroeder and Moys, 1954; M i l l e r ,  1955) ,  was found to  
be most severe on la rge  in te n s iv e  d a i ry  and beef u n i t s .  Fol lowing these  
r e p o r ts ,  the disease was diagnosed w i th  increasing frequency in North  
America and in o ther  par ts  o f  the world (Gibbs and Rweyemamu, 1977).
In fe c t io u s  bovine r h i n o t r a c h e i t i s  was f i r s t  recorded in B r i t a i n  
in 1962 in bul locks which developed c o n j u n c t i v i t i s  and nasal discharge  
(Dawson, Darbyshire ,  Loosemore, Paterson and F a u l l , 1962) .  The incidence  
o f  v i ru s  i n f e c t io n  throughout the country was l a t e r  found to  be low 
(Dawson and Darbyshire ,  1964) and I t  was g e n e ra l ly  accepted th a t  IBR was 
a mi ld  and economical ly  unimportant d isease.  However, t h i s  p a t te rn  
changed d r a m a t ic a l l y  in 1977 when th e re  was a sudden increase  both in the
incidence o f  disease and in i t s  s e v e r i t y .
The aims o f  the in v e s t ig a t io n s  undertaken f o r  t h i s  th e s is  were 
f o u r f o ld :  to  de f ine  the c l i n i c a l ,  e p id e m io lo g ic a l ,  pa tho log ica l  and
v i r o l o g i c a l  aspects of  severe IBR, to  a s c e r t a in  i f  the re  had been an 
increase  in the in f e c t i o n  r a t e  w i th  IBR v i r u s  in the c a t t l e  populat ion  
a t  l a r g e ,  to  d e f in e  the c u l t u r a l  c h a r a c t e r i s t i c s  and a n t ig e n ic  s t r u c tu r e  
o f  the most recent i s o la t e  o f  IBR v i r u s  (S tr îchen s t r a in )  and then to  
compare i t s  p ro p e r t ies  w i th  those o f  the Colorado and Oxford s t r a i n s ,  and 
f i n a l l y  to  study the p a th o g e n ic i ty  o f  the S tr îchen  s t r a i n  o f  IBR v irus  
in su sce p t ib le  c a t t l e .
As a r e s u l t  of  t h i s  work, i t  has been e s ta b l is h e d  th a t  the  
recent severe outbreaks o f  IBR a re  c h ara c te r is e d  by a n o rex ia ,  depression,  
nasal and ocu lar  discharge as wel l  as c o n j u n c t i v i t i s ,  frequent coughing 
and the d ro o l in g  o f  s a l i v a .  The m o rb id i ty  r a te  has u s u a l ly  been over  
90 per cent w h i le  the average m o r t a l i t y  r a te  has been 2-3  per c en t .  This  
form o f  the disease predominant ly a f f e c t e d  r e c e n t ly  purchased,beef animals  
although a l l  classes o f  c a t t l e  were a f f e c t e d .  The S tr ichen  s t r a i n  o f  IBR 
v i r u s  was a n t i g e n ! c a l l  y d i s t i n c t  from the Colorado and Oxford s t r a in s  and 
i t  produced a more severe c l i n i c a l  and pa tho log ica l  disease in su sce p t ib le  
c a t t l e .  Although the 3 s t r a in s  behaved in a s im i l a r  manner in t is su e  
c u l t u r e s ,  the Oxford s t r a i n  produced s i g n i f i c a n t l y  sm al le r  plaques than 
the o ther  2 s t r a i n s .
CHAPTER 1
REVIEW OF THE LITERATURE ON INFECTIOUS 
BOVINE RHINOTRACHEI TIS VIRUS INFECTIONS
There has been a dramat ic  increase in the demand fo r  
l i v e s t o c k - d e r iv e d  f o o d s t u f f s ,  p a r t i c u l a r l y  beef and m i lk ,  w i t h i n  the  
l a s t  f i f t y  years in the westernised c o u n t r ie s .  This has resu l ted  in 
ever increasing numbers o f  animals being kept under more and more 
in te n s iv e  co n d i t io n s .  I t  is not s u r p r is in g ,  t h e r e f o r e ,  th a t  t h i s  has 
led to  the emergence o f  new disease problems which e i t h e r  had not been 
recognised h i t h e r t o  o r ,  al though pre sent ,  were considered to  have been 
economical ly un important.  Since many o f  the new in ten s ive  systems 
of  c a t t l e  management were pioneered in the United Sta tes  of  America,  
i t  was only to be expected th a t  many of  these "new" disease syndromes 
were f i r s t  recognised in th a t  country .
Several  d isorders  a f f e c t i n g  both the d ig e s t iv e  and r e s p i r a t o r y  
t r a c t s  o f  c a t t l e  were recognised a t  about the same t ime;  these were 
termed c o l l e c t i v e l y  "mucosal diseases"  (Huck, 1957) or the "new 
pseudor inderpests"  (S c o t t ,  1964),  One such syndrome which a f f e c t e d  
young c a t t l e  (two to e ighteen months o f  age) was c h ara c te r is e d  by 
dia rrhoea  and g a s t r o e n t e r i t i s  (O la fson,  MacCallum and Fox, 1946);  t h i s  
cond i t ion  was c a l l e d  " v i ru s  d iarrhoea  - New York" .  L a te r  P r i t c h a r d ,  
T a y lo r ,  Moses and Doyle (1956) reported a s im i l a r  syndrome in Indiana;  
they c a l l e d  t h e i r  d isorder  " v i ru s  d ia rrhoea  - Ind iana" ,  Although these  
two " v i ru s  d ia rrho ea"  syndromes c lo s e ly  resembled r in d e rp e s t ,  c ross ­
immunity te s ts  showed th a t  n e i t h e r  was re la te d  a e t i o l o g i c a l l y  to  r inde rp es t  
In 1951 a "mucosal disease o f  c a t t l e "  chara c te r is ed  by profuse s a l i v a t i o n ,  
erosions and u lc e r a t io n s  of  the ora l  mucosa and w i th  a v a r i a b l e  degree  
of  d iarrhoea  was described in Iowa by Ramsay and Chi vers (1953 ) .  Many 
o f  the severe ly  a f f e c t e d  animals a lso  had a b i l a t e r a l  mucopurulent nasal  
discharge .  I n i t i a l l y ,  the New York,  Indiana and Iowa "mucosal diseases"  
were considered to  be separate  disease e n t i t i e s .  However, the les ions  
were b a s i c a l l y  s i m i l a r ,  a l though d i f f e r i n g  in degree,  and c ro s s -p r o t e c t io n  
t e s ts  In c a t t l e  subsequently confirmed th a t  the is o la te s  were i d e n t ic a l  
( G i l l e s p i e  and Baker,  1959).
S a l i v a t io n  and a mucopurulent nasal discharge were the most 
obvious c l i n i c a l  signs o f  an upper r e s p i r a t o r y  d is order  of  d a i r y  cows 
reported from C a l i f o r n i a  (Shroeder and Moys, 1954).  A s im i l a r  upper 
r e s p i r a t o r y  t r a c t  c o n d i t io n  o f  f e e d io t  c a t t l e  had been recognised as 
e a r l y  as 1950 in Colorado where i t  was known c o l l o q u i a l l y  as "red nose",  
"dust pneumonia", " n e c r o t i c  r h i n o t r a c h e i t i s "  or " n e c r o t i c  r h i n i t i s "
( M i l l e r ,  1955) .  I n i t i a l l y ,  Shroeder and Moys (1954) had considered
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the co n d i t io n  they had seen in d a i r y  c a t t l e  to be the "bovine v i ru s  
diarrhoea  - mucosal d isease"  complex but t h i s  was subsequently re je c te d  
as d ia rrho ea  was not a prominent c l i n i c a l  f e a t u r e .  In a d d i t i o n ,  the  
diseases described by Olafson and others  (1946) and by Ramsay and 
Chi vers (1953) were t ra n s m i t te d  by the parentera l  a d m in is t r a t io n  o f  
blood and sp len ic  suspensions whereas the condi t ions  reported by 
Shroeder and Moys (1954) and by M i l l e r  (1955) could only be t ra n s m it te d  
to  su sc ep t ib le  animals by exposing them i n t r a n a s a l l y  to  nasal secre t ions  
from a f f e c t e d  c a t t l e  (McKercher,  Moulton,  Kendrick and S a l t o ,  1955) .  
Fur ther  work in d ica ted  th a t  th e re  were two d i s t i n c t  groups of  "new" 
diseases,  the f i r s t ,  which mainly  a f f e c t e d  the d ig e s t iv e  t r a c t  (mucosal 
disease and v i ru s  d ia rrhoea)  and the second which mainly  a f f e c t e d  the  
r e s p i r a t o r y  t r a c t .  The term " in f e c t i o u s  bovine r h i n o t r a c h e i t i s "  (IBR) 
was adopted o f f i c i a l l y  fo r  the l a t t e r  syndrome in 1955 (McKercher and 
others , 1955) .
The c o n d i t io n  described by Shroeder and Moys (1954) was 
c h ara c te r is e d  by a sudden drop in m i lk  production ,  pyrex ia  (104-108^F)  
tachypnoea (R esp ira to ry  Rate = 30-60 per m in u te ) ,  d ro o l in g  s a l i v a ,  
mucoid to  mucopurulent nasal discharge and exp los ive  coughing.  Although  
e a r l y  workers considered IBR to  be a l i e n  to  the United Sta tes  (Shroeder  
and Moys, 1954; McKercher,  Moulton and Jasper,  1954; M i l l e r ,  1955),  
the I d e n t i f i c a t i o n  of  s p e c i f i c  a n t ib o d ie s  in a stored sample of  blood,  
which had been c o l le c t e d  in 1941,  in d ic a te d  th a t  the i n f e c t i o n ,  and 
perhaps a lso  the d isease ,  e x is te d  p r i o r  to these i n i t i a l  reports  
( G i l l e s p i e ,  Lee and Baker,  1957 ) .  Fol lowing the i s o l a t i o n  o f  the  v i ru s  
o f  IBR by Madin,  York and McKercher (1956) and the development of  
s p e c i f i c  s ero lo g ica l  t e s t s ,  i t  was soon es tab l is h ed  t h a t  i n f e c t i o n  was 
widespread throughout the country  p a r t i c u l a r l y  In areas where the  
l i v e s t o c k  d en s i ty  was g re a t e s t  I . e .  the west and eas te rn  parts  of  the  
Uni ted S ta te s .  As the disease came to  be recognised throughout the  
country  I t  became obvious t h a t  the s e v e r i t y  of  the r e s p i r a t o r y  
involvement could vary  markedly and th a t  other  systems could be a f f e c t e d  
w ith  IBR v i r u s  even In the absence o f  over t  r e s p i r a t o r y  d isease.  The 
var ious  syndromes assoc iated  w i th  IBR v i r u s  I n f e c t i o n  a re  summarised in 
Tables 1 and 2.
The main c l i n i c a l  signs o f  IBR have been summarised and are  
presented in Table  1. This c o n d i t io n  has occurred most f r e q u e n t ly  
In f e e d io t  c a t t l e  which were not iced  to  be d u l l ,  an orex ic  and markedly  
p y rex ic  (104-108^F) .  One o f  the most common present ing  signs was a 
b i l a t e r a l  nasal d ischarge which was serous I n i t i a l l y  but changed to
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mucopurulent as the disease progressed. Close examinat ion of  the  
pares In the e a r l y  stages u s u a l ly  revea led  an acute inf lammation w i th  
u l c e r a t i o n  o f  the mucous membranes. Yel lowish-brown d i p h t h e r i t i c  
les ions  or plaques were o f t e n  seen in severe cases.  Hyperpnoea and 
tachypnoea developed as wel l  as sporadic  coughing o f t e n  w i th  the  
expuls ion  o f  trachea l  c as ts .  H a l i t o s i s  and mouth-breathing were 
s ta te d  to  be a fe a t u r e  of  both acute  and chronic  stages of  the disease  
( M i l l e r ,  1955; Dawson and o t h e r s ,  1962; C u r t i s ,  Van Dreumel and 
D i t c h f i e l d ,  1 96 6 ) .  On a u s c u l t a t io n  o f  the chest the t y p ic a l  harsh 
r e s p i r a t o r y  sounds were considered to  have been r e f e r r e d  from the  
trachea (C u r t is  and o th e r s ,  1966) ,
There was u s u a l ly  c o n j u n c t i v i t i s  w i th  profuse lachrymat ion  
which r e s u l te d  In the matt ing  o f  the  h a i r  on the cheeks.  In severe  
cases the re  was oedema o f  the con junct iva  as wel l  as punctate  
haemorrhages and gra n u la r  l e s io n s .  The droo l ing  o f  s a l i v a  was observed 
in some animals w i thout  there  being any v i s i b l e  le s io n s .
The c l i n i c a l  signs were u s u a l ly  more severe in young animals
than in a d u l t  (Shroeder and Moys, 1 9 5 4 ;  C u r t is  and o th e rs ,  1966 ) ,  in
d a i ry  cows, in a d d i t io n  to  s l i g h t  depression,  pyrex ia  and tachypnoea,  
th e re  was a sudden drop in m i lk  production which u s u a l ly  re turned to  
normal w i t h i n  1-2 weeks. When ab o r t io n s  occurred,  they were uncomplicated  
except f o r  the r e t e n t io n  of  the p lacenta  in extremely  py rex ic  animals .
In both d a i ry  and f e e d io t  c a t t l e ,  recovery v/as u s u a l ly  complete w i t h i n
5 to  10 days provided the  animals did not develop secondary b a c t e r i a l
In f e c t i o n  and pneumonia. In p r o t r a c te d  cases,  th e re  was almost  
i n v a r i a b ly  a marked weight  lo s s .
The m o rb id i ty  r a t e  ranged from about 20 per cent up to  almost  
100 per cent in severe outbreaks .  This tremendous v a r i a t i o n  was 
considered to  be dependent upon the  circumstances surrounding each 
p a r t i c u l a r  outbreak because, in g e n e r a l ,  the m o rb id i ty  ra te s  were found 
to  be much h igher  in in te n s iv e  opera t ions  of  feeder  and d a i ry  an imals .  
However, th a t  IBR was not e x c l u s iv e ly  a d isorder  of  In t e n s iv e ly - k e p t  
animals was confirmed by McKercher and Straub ( i960 )  who i s o la te d  the  
v i r u s  from range beef cow and ca lves  which had developed o cu lar  d ischarge  
and congestion o f  the muzzle.  In c o n t ra s t  to  the r e l a t i v e l y  high 
m o rb id i ty  r a t e ,  the m o r t a l i t y  r a te  is u s u a l ly  low, ranging from n i l  to  
10 per cent (average 2-3)  (McKercher,  Moulton,  Madin,  Kendr ick ,  1957;  
McKercher, 1959; C u r t i s  and o th e rs ,  1966) .
I t  has been claimed t h a t  the re  is a seasonal incidence of  
disease since the number o f  c l i n i c a l  cases is h ighest  dur ing the autumn 
and e a r l y  w in te r  months (Jensen and Mackey, 1979).  However, i t  is a t  
t h i s  t ime t h a t  the g r e a t e s t  numbers o f  s u scep t ib le  animals e n te r  the  
f e e d lo ts  and, fu r therm ore ,  i t  has been amply demonstrated tha t  IBR can 
a f f e c t  su sce p t ib le  animals under na tura l  condi t ions  o f  exposure 
i r r e s p e c t i v e  o f  the t ime o f  ye a r .  While  I t  is possib le  th a t  the s e v e r i t y  
of  IBR may not be markedly increased during the severe w in t e r  weather  
experienced under fe e d io t  c o n d i t io n s ,  i t  has been suggested th a t  "s t re ss  
f a c t o r s "  can r e s u l t  in the e x c re t io n  of  v i ru s  by c a r r i e r  animals and 
t h i s  may be responsib le  fo r  the i n i t i a t i o n  o f  new outbreaks (McKercher,
1 959) .
The c l i n i c a l  p ic t u r e  is considerably  more severe in f e e d io t  
c a t t l e  than in those kept in less in te n s iv e  systems (Jensen and Mackey,  
1979; McKercher,  1959 ) .  With t h i s  in mind, Gibbs and Rweyemamu (1977) 
suggested th a t  the fe e d io t  system of husbandry was i d e a l l y  s u i ted  fo r  
the pe rpetuat io n  and transmission  o f  IBR v i r u s .  Under f e e d io t  cond i t ions  
young stock are  c o n t i n u a l l y  being introduced at  an age when they have 
l o s t  any passive immunity and, t h e r e f o r e ,  are  f u l l y  s u s c e p t ib le .  This  
constant  in t ro d u c t io n  o f  s u s c e p t ib le  animals a lso  mainta ins  a c t iv e  
i n f e c t i o n  and the close  contact between in d iv id u a ls  f a c i l i t a t e s  the  
transmission o f  v i r u s .  The c o l l e c t i o n  of  c a t t l e  from d iv ers e  backgrounds 
in terms o f  previous exposure to disease a ls o  ensures the continual  
in t ro d u c t io n  o f  a wide v a r i e t y  o f  pathogens inc luding  IBR v i r u s .
In fe c t io u s  bovine r h i n o t r a c h e i t i s  is not a f a t a l  disease unless  
severe s t ress  cond i t ions  r e s u l t  in e x tens ive  les ions  or compl icat ions  
a r i s e  fo l lo w in g  secondary b a c t e r i a l  i n f e c t i o n s .  In mild and e a r l y  cases,
th e re  was a moderate degree o f  hyperaemîa and oedema o f  the nasal mucosa 
accompanied by a small q u a n t i t y  o f  serous exudate in the nasal c a v i t y .
In severe cases,  the inf lammation was much more in tense and widespread  
extending in to  the pharynx, la r y n x  and t ra c h ea .  The exudate became 
more copious and assumed an in c re a s in g ly  c a ta r rh a l  na tu re .  L a t e r ,  i t  
became f ib r in o u s  and adhered to  the w a l l s  of  the nasal passages,  
c o l l e c t i n g  on the la ry n x  and to  some ex ten t  In the t ra c h ea ,  forming a 
yel lowish-brown pseudo-membrane of v a r i a b l e  th ickn es s .  This  pseudo­
membrane p a r t i a l l y  occluded the nasal passages. Petech ia l  and
ecchymotic haemorrhages were commonly found in the f r o n t a l  s inuses,  
nasopharynx and t ra c h e a .  In severe advanced cases,  th e re  was extens ive  
necrosis  o f  the upper r e s p i r a t o r y  t r a c t  mucosa and macroscop leal  1 y t h is
appeared as a d i p h t h e r i t i c  membrane covering  the mucosa ( M i l l e r ,  1955; 
McKercher and o th e rs ,  1957; Kahrs,  1977 ) .  This  pseudomembrane a ls o  
p a r t i a l l y  f i l l e d  the p a l a t i n e  and subm axî l la ry  sinuses (Shroeder and 
Moys, 1954; McKercher,  1959; C u r t is  and o th e rs ,  1966; Jensen and 
Mackey, 1979 ) .  In a d d i t io n  to  the above.  M i l l e r  (1955) reported th a t  
th e re  was a widespread puru lent pneumonia, a l v e o l a r  emphysema, minute  
caseat ion  necrosis  in the s inuses,  u l c e r a t io n  o f  the mucosa o f  the  
abomasum and severe e n t e r i t i s .  In chronic  cases'abscesses were 
f r e q u e n t ly  seen in the lungs and l i v e r .
Microscopical  changes in the e a r l y  and m i ld  cases were 
c h a r a c t e r i s t i c  o f  an acute  c a t a r r h a l  inf lammation w i th  excess ive amounts 
of  mucous present on the e p i th e l iu m  of  the upper r e s p i r a t o r y  t r a c t .
The submucosa was found to  be oedematous and i n f i l t r a t e d  w i th  f ib r in o u s  
exudate;  n e u t r o p h i ls ,  lymphocytes and mononuclear macrophages became 
abundant, in advanced and acute  cases,  some areas o f  e p i th e l iu m  were 
found to  be degenerated and desquamated (Jensen, G r in e r ,  Chow and Brown, 
1955; McKercher,  195 9 ) .  Bronchopneumonia was a common f in d in g  in the  
m a jo r i t y  o f  f a t a l  cases; the b ro n c h io l i  were f i l l e d  w i th  puru lent  
exudate w h i le  the a l v e o l a r  a i r  spaces were f i l l e d  w i th  oedema c onta in ing  
f i b r i n ,  leucocytes and e r y t h r o c y te s .  In a d d i t io n  to  les ions  in the 
r e s p i r a t o r y  t r a c t ,  u l c e r a t i o n  of  the mucosa of the rumen, abomasum and 
a severe e n t e r i t i s  have been reported  in f a t a l  cases o f  IBR examined 
f u l l y  a t  necropsy ( M i l l e r ,  1955; Van Kruinlngen and Bartholomew, 1964;  
C u r t i s  and o th e rs ,  1966; Jensen and Mackey, 1979 ) .  M u l t i p l e  p in -p o in t  
fo c i  o f  necros is  have been found s c a t te re d  throughout the l i v e r  parenchyma 
(C u r t is  and o th e rs ,  1966; Van Kruinlngen and Bartholomew, 1964 ) .  In 
some cases,  pa th o lo g ica l  les ions  have a ls o  been found in the b r a in ,  
kidneys and spleen (Gibbs and Rweyemamu, 1977).
The v i ru s  causing IBR was f i r s t  i s o la te d  from the nasal  
washings o f  experimenta l  calves  which had been in fe c te d  w i th  the nasal 
washings o f  n a t u r a l l y  in fe c te d  cases (Madin and o th e rs ,  1 956 ) ,  Since  
the v i r u s  i s o la t e  had growth and morphological  c h a r a c t e r i s t i c s  
in d is t in g u is h a b le  from those o f  herpes simplex v i r u s ,  i t  was c l a s s i f i e d  
as a herpesvirus  (Armstrong, P e re i ra  and Andrewes, 196 1 ) .  i n i t i a l l y  
the  herpesvirus  study group o f  the In t e r n a t io n a l  Committee fo r  the  
Taxonomy o f  V iruses suggested th a t  a l l  herpesviruses fo r  which the  
usual na tura l  hosts a re  members o f  the fa m i ly  Bovidae should be
designated Bovîd herpesvirus  1, 2 ,  3 e t c .  (Roizman, 1973 ) .  However,  
since the fa m i ly  Bovidae is d iv e rs e  c ons is t ing  of  128 spec ies ,  most o f  
which a re  ruminants o f  no v e t e r i n a r y  importance,  McKercher (1973) and 
Gibbs and Rweyemamu (1977) have opted fo r  a d i f f e r e n t  system o f  
c l a s s i f i c a t i o n  to avoid unnecessary confusion.  Under the la t te r  system,  
the name bovine herpesvirus  1 (BHV 1) has been given to  a l l  v i ru s  
i s o la te s  s e r o l o g i c a l l y  r e la t e d  to  the  v i ru s  of  IBR.
Bovine herpesvirus  1 possesses most of  the p ro p e r t ie s  of  the  
herpesvirus  group which are  deoxyr ibonuc le ic  acid  v i r u s e s .  The
v i r i o n  consists  o f  an enveloped Icosahedral  nucleocapsid composed o f  
162 e longated  hol low,  p r o te in  subuni ts (Capsomeres) which surround the  
n u c le ic  a c id .  The d iameter  o f  the enveloped p a r t i c l e  ranges from 
120-l80nm. The envelope ,  which is acquired as the nucleocapsid buds 
through the nuclear membrane, is important fo r  i n f e c t i v i t y  and confers  
upon the  v i r u s  the physical  p r o p e r t ie s  o f  e t h e r ,  ch loroform,  acid and 
d i s i n f e c t a n t  s e n s i t i v i t y  (Armstrong and o th e rs ,  1961; C u r t is  and o th e rs ,  
1966 ; Straub,  1965 ) .  The v i ru s  is s ta b le  between pH 6 . 0 - 9 - 0  but 
l a b i l e  a t  pH 4 . 5 - 5 . 0  ( G r i f f i n ,  Howels, Crandell  and Mauerer,  1958) and 
has a buoyant d e n s i ty  ranging from 1 . 2 4 9 - 1 . 254g.cm  ^ (Bagust,  1972).
Ce l l  c u l tu re s  of  bovine o r i g i n  are  h ig h ly  sus c e p t ib le  to  t h i s  
v i ru s  and e x tens ive  c y t o p a t h îc  e f f e c t s  are  produced in c e l l s  der ived  
from embryo kidney (Madin and o t h e r s ,  1956; G re ig ,  B a n n is te r ,  M i t c h e l l  
and Baker, 1958; G i l l e s p i e  and o th e r s ,  1959) ,  embryo skin (Greig and 
o th e r s ,  1 9 5 8 ) ,  embryonic lung and lymph node (McKercher, Straub,  S a l to  
andWada, 1959b),  t e s t i s  (Bagust,  1972; House, 1972) ,  k idney,  adrenal  
gland,  pancreas,  thymus and t h y r o id  (Chaetam and C r a n d e l l ,  1957;
Schwartz,  York,  Z i r b e r  and E s t e l a ,  1957; Armstrong and o t h e r s ,  1961;  
Dawson and o th e rs ,  1962; French, 1962a; Snowdon, 1964) ,
The s i t e  of  v i r a l  r e p l i c a t i o n  is in the nucleus and v i r u s  
p a r t i c l e s  can be i d e n t i f i e d  from 4 to  6 hours a f t e r  i n f e c t i o n .  The 
v i r i o n s  a re  re leased from the nucleus in to  the cytoplasm and l i e  in 
pro x im i ty  to  the cytoplasmic  membrane from which an a d d i t io n a l  
l i p o p r o t e i n  coat is d e r iv e d .  In fe c te d  c e l l s  become rounded, f r e q u e n t ly  
b a l lo o n e d ,w i th  small r e f r a c t ! l e  s yncyt ia  being formed and,as the  
cy topath îc  e f f e c t  progresses,  s trands o f  cytoplasm can be seen l i n k i n g  
the  a f f e c t e d  c e l l s .  On microscopic examinat ion o f  t i s s u e  c u l t u r e s ,  
l a rg e  in t r a n u c le a r ,  o f t e n  e o s i n o p h i l i c  (Cowdry type A), in c lu s io n  bodies  
can be i d e n t i f i e d  in in fe c te d  c e l l s  (Cheatam and C r a n d a l l ,  1957) .
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However c e r t a i n  i s o la t e s  appear to  lack  t h i s  a b i l i t y  (Madin and others  
1956 ; York and others  1957 ) .
Since the s e v e r i t y  of  the c l i n i c a l  syndrome v a r ie s  g r e a t l y  
( M i l l e r  1955; Dawson and others  1962) and BHV 1 causes syndromes o ther  
than r e s p i r a t o r y  disease (Table 2 ) ,  i t  was suggested th a t  the var ious  
i s o la t e s  d i f f e r e d  a n t t g e n i c a l 1 y ( G i l l e s p i e  and others  1959; McKercher 
and Wada 1964; Mohanty and L i l l i e  1970 ) .  However, Buening and Gratzek  
(1967) and House (1972) ,  who compared the n e u t r a l i s a t i o n  k i n e t i c s  o f  
fo u r  BHV 1 i s o l a t e s ,  found only  minor a n t ig e n ic  d i f f e r e n c e s  and the  
behaviour o f  the  four  v i ruse s  in t i s s u e  c u l t u r e  was i d e n t i c a l .
I n fe c t io u s  bovine r h i n o t r a c h e Î t i s  was considered to be one o f  
the most important causes o f  economic loss in c a t t l e  f a t t e n i n g  operat ions  
(Jensen, G r in e r ,  Chow and Brown, 1955; McKercher,  1959 ) ,  and consequently  
cons iderab le  e f f o r t s  were made to  develop vaccines .  I n i t i a l l y ,  the  
v i r u s  was in a c t i v a t e d  but l a t e r  a t ten u a te d  l i v e  v i rus  vaccines became 
a v a i l a b l e  (Kendrick,  York and McKercher, 1956; York and Schwartz,  1956 ) .  
The main disadvantage o f  these e a r l y  l i v e  vaccines was t h a t  they caused 
a bor t ions  when pregnant females were vacc inated  between the s ix th  and 
e ig h th  months of  g e s t a t io n .  Consequently,  t h e i r  use was r e s t r i c t e d  to  
f e e d io t  animals .  However, t h i s  a b o r t i f a c i e n t  p roper ty  was useful  in 
th a t  i t  al lowed young i n - c a l f  range h e i f e r s  to be aborted on admission 
to  the f e e d i o t .  Whereas a b o r t io n  was the main obvious disadvantage of  
l i v e  vacc ines ,  the p o te n t ia l  hazard r e s u l t i n g  from vacc inates  shedding 
vaccine v i r u s ,  or remaining l a t e n t  c a r r i e r s ,  made i t  necessary to  examine 
a l t e r n a t i v e  types o f  vaccine and immunisation p ro to c o ls .  Despi te  these  
d i f f i c u l t i e s ,  when ro u t in e  v a c c in a t io n  against  IBR was undertaken on a 
l a rg e  sca le  in North America I t  was found t h a t  the re  was a drop in the  
inc idence o f  r e s p i r a t o r y  d isorders  which were f r e q u e n t ly  diagnosed as 
shipping f e v e r .  This f in d in g  impl ied t h a t  IBR was par t  o f  the shipping  
f e v e r  complex (Je r ic h o ,  Magwood and Stockdale 1976 ) .
In f e c t io u s  bovine r h i n o t r a c h e i t i s  i s ,  to  a l l  in te n ts  and 
purposes,  a disease o f  c a t t l e  o n ly .  However th e re  is a s in g le  re p o r t  
o f  a na tura l  I n f e c t i o n  in goats (Mohanty, L i l l i e ,  C o rs e l iu s  and Beck, 
1972) .  Two weeks a f t e r  being shipped to  a m i lk in g  herd fo r  b reeding,  
several  goats developed severe r e s p i r a t o r y  i l l n e s s .  A v i r u s  i d e n t i f i e d  
as IBR by n e u t r a l i s a t i o n  method was is o la te d  from both the nasal and 
o c u la r  d ischarges.  The IBR/IPV v i r u s  has a lso  been i s o la t e d  from cases 
o f  v a g i n i t i s  and b a l a n i t i s  in swine and from h e a l th y  swine (Saxegaard 
and Onstad, 1967).
As has a l re a d y  been s ta te d ,  in f e c t i o n  w i th  BHV 1 has a lso  been 
assoc iated  w i th  diseases in systems o ther  than the r e s p i r a t o r y  t r a c t  
(Table 2 ) .  A d isorder  o f  the repro d u ct ive  t r a c t  of  female c a t t l e ,  
c h a ra c te r is e d  by pus tu la r  les io n s  o f  the g e n i t a l i a ,  had been recognised  
in c en t ra l  Europe during the l a t e  19th and e a r l y  20th c e n tu r ie s  and the  
names given to t h i s  syndrome included v e s ic u la r  venereal  d isease,  
v e s i c u la r  v a g i n i t i s ,  c o i t a l  exanthema, c o i t a l  v e s ic u la r  exanthema and 
blaschenausschlag (W i t te ,  1 933 ) .  A s im i l a r  d isorder  had o c c a s io n a l ly  
been reported in North America where i t  was termed in f e c t io u s  pus tu la r  
val v o v a g in i t  i s (IPV) by Kendr ick  and others  (1958).
During the s tu d ies  o f  IBR and IPV, Kendrick and others (1958) 
found out t h a t  serum from a c a l f  which had recovered from IBR 
n e u t r a l i s e d  IPV v i r u s .  This suggestion o f  s i m i l a r i t y  led to  
comparative s tudies  of  the 2 v i r u s e s ,  which were subsequently shown to  
be i n d is t in g u is h a b le  from each o th e r .
Bouters ,  Vandeplassche, F lo r e n t ,  Leunen and Devos ( i960)  
described a co n d i t io n  in Dutch c a t t l e  c h arac te r is ed  by b a la n o p o s th i t i s  
and o r c h i t i s .  This c o n d i t io n  was then termed i n f e c t io u s  pus tu la r  
ba1a n o p o s th i t is  ( IP B ) ,  The v i ru s  is o la te d  from a f f e c t e d  cases caused 
IPV in h e i f e r s ,  Huck, M i l l e r ,  Evans, Stables and Ross (1971) reported  
an outbreak o f  penopos th i t is  In b u l ls  a t  an a r t i f i c i a l  insemination  
cent re  in B r i t a i n  and found t h a t  the c o n d i t io n  was assoc iated  w i th  
IBR/IPV v i ru s  i n f e c t i o n .  C l i n i c a l l y ,  th e re  was haemorrhage and a 
mucopurulent discharge from the p r e p u t ia l  o r i f i c e .  On penial  e x t r u s io n ,  
les ions  were found to  range from lo c a l i s e d  papular roughened appearance  
t o  d i s t i n c t  red spots or f r a n k  haemorrhages. The d i s t i n c t  red spots 
progressed to  u lc ers  but l i b i d o  did not appear to  be decreased. In 
advanced cases adhesions prevented e x t ru s io n  o f  the penis .
There has been cons iderab le  con jec ture  w i th  regard to  the  
r o le  o f  IBR v i ru s  as a cause o f  i n f e r t i l i t y .  However, I t  has been wel l  
e s ta b l is h e d  th a t  severe cases o f  IPB may r e s u l t  in temporary or permanent 
impairment o f  a b u l l ' s  a b i l i t y  to  mate (Huck and o th e rs ,  1971), and th a t  
BHV 1 contaminated semen may cause en d o m e t r i t is  (Bouters and o th e r s ,  1964;  
Kendrick  and McEntee, 1967; Parsonson and Snowdon, 1975) and IPV (Conradi ,  
Hubrig and Wohanka, I 9 6 0 ) .  On the o the r  hand, Huck and o thers  (1971) 
and Parsonson ( l 964) repor ted  t h a t  BHV 1 had no e f f e c t  on the  semen 
q u a l i t y  and claimed t h a t  th e re  was no reduct ion  in conception r a te  
f o l lo w in g  the use o f  BHV 1 contaminated semen. Nonetheless,  a number
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o f  in v e s t ig a to r s  have reported a lowered conception r a te  in herds a f t e r  
BHV 1 contaminated semen had been used (Kendrick and McEntee,  1967;
White and Snowdon, 1973; L o re tu ,  Marinov,  Genov and Bohnel, 1974; 
Parsonson and Snowdon, 1975 ) ,  al though A l l a n ,  Dennett and Johnson (1975) 
and Parsonson and Snowdon (1975) reported  th a t  in general  BHV 1 did not 
appear to  i n t e r f e r e  w i th  f e r t i l i t y  in natura l  breeding.  In South A f r i c a  
and Kenya, the re  Is no doubt th a t  a g e n i ta l  disease known as "Epivag"  
(e p id id y m i t is  v a g i n i t i s ) ,  and f i r s t  descr ibed by Daubney, Hudson and 
Anderson (1938),  r e s u l t s  in i n f e r t i l i t y .  Recently  t h i s  c o n d i t io n  has 
been shown to  be caused by BHV 1 (Kaminjo lo ,  Nyaga, Omuse and Mut iga ,
1 975) .
C o n j u n c t i v i t i s  has been reported to  occur alone w i thout  any 
accompanying upper r e s p i r a t o r y  t r a c t  les ions  (Abinanti  and Plumer,  1961;  
St.  George, 1965; Timoney and O'Connor, 1971).  The syndrome was 
c h a ra c te r is e d  by profuse serous to  puru lent  lachrymal d ischarge ,  intense  
s w e l l in g  o f  the palpebral  c o n junct iva  which was o c c a s io n a l ly  covered by 
f i n e  pe tech ia l  haemorrhages. P ro t ru s io n  of the con junct iva  from below 
the t h i r d  e y e l i d  had been observed as wel l  as i n j e c t i o n  of  the bulbar  
c o n ju n ct iv a l  v es se ls .  In some outbreaks ,  numerous g ra n u la r  les ions  
were seen on both the bulbar  and palpebra l  c o n ju n c t iv a .  Although  
BHV 1 has been is o la te d  from 47 per cent of  32 ocu lar  carcinomas (Taylor  
and Hanks, 1969) ,  i t  is  u n l i k e l y  to be the  primary a e t i o l o g i c a l  agent ■ 
(R u s s e l l ,  Wynne and Loguvam, 1956) .
Johnston, Simmons and McGavin (1962) In A u s t r a l i a  described
an outbreak o f  e n c e p h a l i t i s  in a group o f  c a lves ,  which had been
purchased fo r  veal product ion ,  and the v i ru s  I s o la t e  from t h i s  outbreak  
was s e r o l o g i c a l l y  i n d is t in g u is h a b le  frcxn IBR. C l i n i c a l l y  a f f e c t e d  
animals showed s l i g h t  in c o o r d in a t io n ,  which l a t e r  progressed to  a t a x i a .
In the terminal  stages a f f e c t e d  animals were so a t a x i c  th a t  they  
stumbled and f e l l  on a t tem pt ing  to  w a lk .  C lonic  spasms o f  the leg s ,
neck and lumbar muscles as wel l  as b l indness were fe a tu re s  of  t h i s  form
of  the d isease.  Some animals recovered but remained b l i n d .
Profuse d ia r rh o e a ,  which may be of  a haemorrhagic n a tu re ,  has 
been observed to  be a f e a t u r e  o f  BHV 1 i n f e c t i o n  in young calves  in which 
m o r t a l i t i e s  up to  100 per cent were exper ienced (V n Kruin lngen and 
Bartholomew 1964; C u r t i s  and others  1966; Lomba, Wellemans, B ie n fe t  
and Leunen, 1973; Reed, B ic k n e l l  and Bury,  1973; Mor in ,  L a r i v i e r e  and 
Lai l i e r ,  1976 ) .  Lomba and o thers  (1973) reported t h a t ,  not only  did
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IBR cause high m o r t a l i t i e s  in neonates,  but a lso  postpartum compl icat ions  
in cows; both syndromes were responsib le  fo r  major economic losses.
There has been only  one repor t  o f  chronic  d e r m a t i t i s  associated  
w ith  BHV 1 i n f e c t i o n .  This a f f e c t e d  the per ineal  skin of  b u l ls  and 
BHV 1 was i s o la te d  from both the semen and skin scrapings o f  the b u l ls  
(Bwangamoi and Kaminjo lo,  1971 ) .
Fol lowing the  d iscovery  t h a t  the v iruses  responsib le  f o r  
causing IBR and IPV were i d e n t i c a l  (Kendrick and o th e rs ,  1959) McKercher 
and T h e i le n  (1963) o f f e r e d  an ex p la n a t io n  o f  how the newer syndrome 
(IBR) could have developed. Imports o f  l i v e  c a t t l e  in to  the United  
States  from Europe ceased in 1930 and so the v i ru s  must have been 
imported before  then,  presumably in c a t t l e  which had recovered from IPV.
I t  was suggested,  t h e r e f o r e ,  t h a t  the v i r u s  then had become adapted to  
the r e s p i r a t o r y  t r a c t  of  f e e d io t  c a t t l e  since they are s e x u a l ly  i n a c t i v e .  
The la rg e  numbers o f  s u s c e p t ib le  animals being fa t te n e d  in close  
p rox im i ty  re s u l te d  in the development o f  a new severe r e s p i r a t o r y  syndrome
Since i t s  i n i t i a l  repor ts  in North America,  the disease has 
been reported from v i r t u a l l y  every country in which la rg e  numbers of  
c a t t l e  are  reared (Table  3 ) .  When f i r s t  recognised in Europe,  IBR was 
reported  as being a r e l a t i v e l y  m i ld  upper r e s p i r a t o r y  t r a c t  d is o rd er  
(Dawson and o th e rs ,  1962; S traub,  1978^ compared to  the disease  
reported  o r i g i n a l l y  from North America ( M i l l e r ,  1955 ) .  The g re a t  
d i f f e r e n c e  in c l i n i c a l  s e v e r i t y  was probably due to  the f a c t  t h a t  much 
sm al le r  numbers o f  c a t t l e  were a t  r i s k  on the European farms. However, 
the whole disease scene changed d r a m a t ic a l l y  in 1974 when a p a r t i c u l a r l y  
severe upper r e s p i r a t o r y  t r a c t  c o n d i t io n  swept across Belgium, France,  
Germany and Netherlands  (Van Nieuwstadt ,  S traver  and Holzhauer,  1977; 
Straub,  1978 ) .  The c l i n i c a l  and ep idem io log ica l  fe a tu re s  o f  t h i s  new 
syndrome resembled severe IBR and on f u r t h e r  in v e s t i g a t i o n ,  t h i s  was 
conf irmed. In 1977,  s i m i l a r  in c ide n ts  of  a severe upper r e s p i r a t o r y  
t r a c t  disease were recognised in B r i t a i n  and t h i s  too was subsequently  
confirmed as being severe IBR, Since then,  many outbreaks have been 
reported  from almost every  area o f  t h i s  country .
A d e t a i l e d  i n v e s t i g a t i o n  o f  f i f t e e n  such in c iden ts  o f  IBR 
provides the basis  f o r  t h i s  t h e s is .
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Table  3. The dates on which in fe c t io u s  bovine r h i n o t r a c h e i t i s  
was f i r s t  confirmed in each country .
YEAR COUNTRY AUTHORS
1954 U.S .A. Shroeder and Moys.
1955 U.S.A. Mil  1er.
1959 New Zealand Webster and Manktelow.
I960 West Germany Grunder and o th e rs .
1961 Canada Studdert  and others .
1962 United Kingdom Dawson and- o thers .
1964 A u s t r a 1 ia Snowdon.
Chad and Cameroon Provost and o the rs .
R uma nia Coman.
I t a l y M o re t t i  and o th e rs .
Holland S tra ve r  and o the rs .
1967 France Faye and o th e rs .
Hungary Csontos and Maczko.
Yugoslavia Bratanov ic  and o the rs .
1968 G reece S t o u r a i t i s  and Cardassis.
1969 Czechoslovakia Mensik and Rozkosny.
1970 East Germany Hahnefeld and o thers .
1971 Tanzania Rweyemamu and Staak.
1972 Japan Nlshimado and o thers .
1973 Belgium Lomba and o th e rs .
Korea Park and o th e rs .
1974 Mexico Marte l  1 and o th e rs .
Poland Baczynski and o th ers .
Egypt H a fez .
f ran Bagdadi and M a r t in .
1975 Cyprus Gibbs and o the rs .
A f t e r  Gibbs and Rweyemamu (1977)
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CHAPTER 2
A DETAILED INVESTIGATION OF 15 
NCIDENTS OF INFECTIOUS BOVINE RHINOTRACHEITlS
INTRODUCTION
In fe c t io u s  bovine r h i n o t r a c h e i t i s  was f i r s t  described in 
B r i t a i n  by Dawson and others  (1 9 62 ) ,  al though the same inc iden t  had 
been reported p re v ious ly  by Derbyshire  and others  (1 962 ) .  The 
outbreak occurred during autumn in s tore  and f a t t e n i n g  bul locks which 
had been bought from var ious sources in England. C l i n i c a l  signs  
developed 4 weeks a f t e r  the f i n a l  group o f  purchased animals had 
a r r i v e d  and had been put in to  covered straw yards.  The presenting  
fe a tu re s  were profuse 1achrym at ion , severe c o n j u n c t i v i t i s  w i th  marked 
oedema and punctate haemorrhages. There was a b i l a t e r a l  serous to  
mucopurulent nasal discharge w i th  congestion o f  the nasal mucosa and 
focal  areas o f  shal low u l c e r a t i o n .  Moist  coughing was heard 
o c c a s io n a l ly  and several  animals had s l i g h t  d ia r rh o ea .  W i th in  a week 
of  the f i r s t  case being n o t ic e d ,  about 80 per cent o f  the c a t t l e  had 
developed c l i n i c a l  evidence of  disease although none d ied .  Since 
t h i s  outbreak occurred in O x fo rd sh ire ,  the v i ru s  i s o la t e  was c a l l e d  
the " O x f o r d - s t r a in "  o f  IBR v i r u s ,
Derbyshire  and Shanks (1963) reported another outbreak of  
IBR in which a suckled cow and her s ix  month old c a l f  were a f f e c t e d  
w h i le  a t  pasture in the  autumn. The farmer complained o f  profuse 
serous lachrymat ion which was so copious in the cow th a t  i t  had caused 
sca ld ing  o f  the fac e .  On c lose exam inat ion ,  c o n j u n c t i v i t i s  w i th  
oedema o f  the e y e l id s  was found. Both animals a ls o  had a s l i g h t  
puru lent  nasal discharge a lthough coughing was not heard.  Only these  
two animals out o f  45 homebred cows and t h e i r  calves were a f f e c t e d  
i n i t i a l l y  al though one f u r t h e r  c a l f  developed c o n j u n c t i v i t i s  w ith  
lachrymat ion f i v e  weeks l a t e r .  The c l i n i c a l  signs p e rs is te d  fo r  
3 -4  weeks and since t h i s  outbreak  occurred in Aberdeenshire ,  the v i rus  
i s o la t e  was c a l l e d  the “Aberdeen s t r a i n "  of  IBR v i r u s .
In a d d i t io n  to  r e s p i r a t o r y  d isease ,  c a t t l e  in fe c t e d  w i th  
bovine herpes v i ru s  1 can develop re p ro d u c t ive ,  nervous and e n t e r ic  
disease (Gibbs and Rweyemamu, 1977 ) ,  a l though i t  is unusual fo r  more 
than one system to  be in fe c te d  a t  the same t im e .  Nev er the less ,
Col l i n g s ,  Gibbs and S ta f f o r d  (1972) reported concurrent  r e s p i r a t o r y  and 
g e n i ta l  disease in a herd o f  140 d a i ry  animals in Somerset. Most o f  the  
c a t t l e  had been bought- in  as maiden h e i f e r s  or i n - c a l f  cows from 
var ious  par ts  o f  B r i t a i n  and E i r e .  Two to  th re e  weeks a f t e r  the cov/s 
had been housed toge ther  f o r  the f i r s t  t ime ,  many were heard to  be
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coughing.  Some o f  these were a ls o  seen to  have profuse lachrymat ion  
w ith  ex tens ive  s o i l i n g  on t h e i r  cheeks,  congestion as wel l  as oedema of  
the  c o n ju n c t iv a .  There was a b i l a t e r a l  mucopurulent nasal discharge  
and congestion o f  the nasal mucosa. Approx imately  30 per cent of  the  
cows developed r e s p i r a t o r y  and g e n i t a l  s igns.  A l l  these cows had 
been served by one young bu l l  which developed a b lo o d -s ta in e d  p re p u t ia l  
discharge ,  w h i le  the penis remained normal.
P r io r  to  the  above i n c id e n t ,  Muck and others  (1971) had 
reported the c h a r a c t e r i s t i c  fe a tu re s  of  in fe c t io u s  b a lanoposth î t i s  in 
b u l l s .  The outbreaks described by Huck and others  (1971) and by 
C o l l in g s  and others  (1972) occurred during the months of  October to  
December and, from both,  a v i r u s  s e r o l o g i c a l l y  in d is t in g u is h a b le  from 
IBR was Is o la t e d .
When f i r s t  observed, i n f e c t io u s  bovine r h Î n o t r a c h e i t Î s in 
B r i t a i n  was a mild syndrome c h a ra c te r is e d  by serous lachrymat ion ,  
c o n j u n c t i v i t i s ,  nasal discharge and occasional  coughing (Dawson and 
others  1962; Derbyshire  and Shanks 1963; C o l l ings  and others 1972) .  
However, t h i s  s i t u a t i o n  changed d r a m a t ic a l l y  in 1977 and during the  
past two w in te r  housing periods (1977-78  and 1 97 8 -7 9 ) ,  there  has been 
a marked increase nationwide in both the number of  inc iden ts  of  IBR 
and in t h e i r  s e v e r i t y .
The c l i n i c a l ,  e p id e m io lo g ic a l ,  m ic ro b io lo g ic a l  and 
p atho log ica l  fe a tu re s  o f  15 outbreaks o f  the “ new" severe form of  1BR 
w i l l  be presented in t h i s  ch ap ter .  One inc ident  w i l l  be descr ibed  
in d e t a i l  w h i le  re le v a n t  fe a tu r e s  o f  the remaining 14 outbreaks have 
been summarised and a re  presented in Appendix 1,
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MATERIALS AND METHODS
(1 ) Disease i n c i d e n t s
Possib le  outbreaks o f  ! BR were r e fe r r e d  to  us by p r a c t is in g  
v e t e r i n a r y  surgeons and a farm v i s i t  was arranged w i t h i n  48 hours of  
re c e iv in g  t h is  in fo rm at ion .  I n t e r e s t i n g  cases fo r  f u r t h e r  c l i n i c a l ,  
path o log ica l  and m ic ro b io lo g ic a l  I n v e s t ig a t io n s  were u s u a l ly  purchased 
a t  t h is  t ime. Nasal and/or  o cu lar  swabs were taken fo r  v i rus  
i s o l a t i o n  and the bleeding o f  animals  fo r  serum antibody assay was a lso  
a rrange d .
(2 ) C l i n i c a l  examination
In d iv id u a l  animals w i th  signs of  r e s p i r a t o r y  disease were 
examined on the farm and, when any were purchased fo r  f u r t h e r  study,  
they were examined again on admission to the V e t e r in a ry  School, I t  is 
the f in d in g s  from t h is  second examinat ion tha t  a re  recorded in the 
in d iv id u a l  case h i s t o r i e s  presented In Appendix 1.
The f o l l o w i n g  c l i n i c a l  t e r m i n o l o g y  has been u s e d : -
(a) P r e s e n t i n g  s i g n s . These i n c l u d e  the  c l i n i c a l  a b n o r m a l i t i e s  
d e te c te d  on the  farm a t  the  f i r s t  v e t e r i n a r y  c l i n i c a l  e x a m in a t io n  
and a l s o  the  f a r m e r ' s  reasons f o r  seek ing  v e t e r i n a r y  a d v i c e .
(b) Resp Î r a t o r y  r a t e . The r e s t i n g  r e s p i r a t o r y  r a t e  o f  a h e a l t h y  
bo v in e  animal  in  a cool  en v i ron m e n t  is  l e s s  than 30 r e s p i r a t i o n s  
per  m in u te .  Tachypnoea was c o n s id e re d  t o  be p resen t  when the 
r e s t i n g  r e s p i r a t o r y  r a t e  was equal  t o  o r  g r e a t e r  than 30 
r e s p i r a t i o n s  per  m in u te .
(c) R e s p i r a t o r y  d e p t h . D u r in g  th e  r e s p i r a t o r y  c y c l e  in  a h e a l t h y  
bov ine  a n i m a l ,  the  movement o f  the  abdominal  muscles on the  
r i g h t  s i d e  i s  a lm o s t  i m p e r c e p t i b l e .  Hyperpnoea was c o n s id e re d  
t o  be p re se n t  when i t  was o b v iou s  t h a t  the  abdominal  muscles
/ were be ing  used a t  r e s t  t o  a s s i s t  r e s p i r a t i o n .  A n im a ls  were
c o n s id e re d  t o  be s l i g h t l y  h yp e rp n o e lc  when t h e i r  abdominal  
r e s p i r a t o r y  e f f o r t  was j u s t  n o t i c e a b l e ,  t o  be m o d e ra te ly  
h y p e rp n o e ic  when t h e r e  was an o bv iou s  in c re as e  in  t h e i r  abdominal  
e f f o r t  and t o  be g r o s s l y  h y p e rp n o e ic  when a marked abdominal  
e f f o r t  was i n v o l v e d  and the  i n d i v i d u a l  was seen to  ro ck  
a n t e r o - p o s t e r i o r l y w h i l e  b r e a t h i n g .
(d) Dyspnoea. The presence o f  r e s p i r a t o r y  d i s t r e s s  In c a t t l e  can 
o n l y  be assessed o b j e c t i v e l y .  An animal  w i t h  a marked abdominal
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re s p i r a to r y  e f f o r t  and r e s p i r a t io n s  th a t  could be heard w i thout  
the use o f  a stethoscope was considered to be dyspnoeic.  When 
an in d iv idua l  was seen to  be mouth-breathing w i th  i t s  tongue 
protruding and was heard to be grunting on e x p i r a t i o n ,  i t  was 
considered to be sev ere ly  dyspnoeic,
(e) A uscu l ta t  ion. The boundaries o f  the area o f  pulmonary 
a u s c u l ta t io n  extend from the point  o f  the elbow d o r s a l l y  to the  
p o s te r io r  t i p  o f  the scapula then p o s t e r io r l y  to the e leventh  
i n t e r - c o s t a l  space and f i n a l l y  a n t e r o - v e n t r a 11 y to the point o f  
the el bow.
( f )  A d ve n t i t io u s  lung sounds. Two main types of  a d v e n t i t io u s  sounds
■' a re  recognised in c a t t l e  w i th  pulmonary disease; crack les  which
term is s e l f - e x p l a n a t o r y  and rhonchi which include both low and 
high pitched squeaks.
(g) Rectal  tem peratu re . The normal re c ta l  temperature range in 
a d u l t  c a t t l e  is from 100.5°F  to 102,5*^F and an animal was 
considered to be pyrex lc  when i t s  re c ta l  temperature was equal 
to  or g re a te r  than 103°F.
(3) Pathologica l  examination
A l l  the animals were s laughtered  humanely and exsanguinated.  
Samples o f  t is s u e  fo r  l i g h t  microscopy were taken from nasal conchae,  
nasopharynx,  t rac h ea ,  bronchi ,  lung parenchyma, l i v e r ,  abomasum, 
kidney and b ra in .  The samples were c o l le c te d  in 10 per cent formol 
s a l i n e ,  c orros iv e  formol and Carnoy 's f i x a t i v e s .  They were then 
dehydrated and c le ared  in a double embedding s e r ie s  before  embedding 
in p a r a f f i n  wax under vacuum. Sections o f  4 -5  microns t h i c k  were 
cut w i th  a r o ta ry  microtome and s ta ined  w i th  haematoxyl in and eosin.
When s p e c i f i c  fe a tu re s  were to  be demonstrated,  the f o l lo w in g  s ta ins  
were a ls o  used: a l c i a n  b lu e /p e r i o d i c  a c t d - s c h i f f  a t  pH 2 .6  (mucus),
mart ius  s c a r l e t  blue ( f i b r i n  and g lobule  leukocytes) and 
phosphotungstic ac id  haematoxyl in ( in c lu s io n  bo d ie s ) .
(4) U 1 t r a s t r u c t u r a l  examination
E lec t ro n  microscopic examinat ion o f  s ta ined sect ions  made from 
trachea l  mucous membrane was c a r r i e d  out using an AEl 6B. Small 
pieces o f  t rachea l  mucous membrane, which were excised from each 
animal w i t h in  5-10 minutes o f  i t s  being k i l l e d ,  were f i x e d  in a mixture
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o f  1 .3  per cent paraformaldehyde and 1 ,6  per cent g lu ta ra ld e h y d e  
according to  Karnovsky (1965 ) .  The samples were f i x e d  fo r  from 4 to  6
hours,  washed in a O.O67 M cacodyl a te  r in s in g  s o lu t io n  fo r  up to  12 hours 
and p o s t - f i x e d  in 1 per cent osmium t e t r o x i d e  ( M i l l o n l g ' s  phosphate pH 
7 . 2) f o r  1 hour. They were dehydrated in 70 per cen t ,  90 per cent and 
100 per cent e thy l  alcohol fo r  3 periods o f  5 minutes,  2 periods o f  5 
minutes and 4 periods o f  15 minutes r e s p e c t i v e l y ,  then r insed in 
propylene oxide fo r  3 per iods o f  10 minutes.  Ind iv idua l  samples were 
embedded in g e l a t i n  capsules in an a r a l d i t e  m ixture  c o n s is t in g  of  equal 
amounts of  res in  (CY212) and hardener (HY 964) plus 1 per cent  
a c c e le r a t o r  (HY 960) (Polaron Equipment L t d . ,  H e r t fo r d s h i r e )  according  
to  the fo l lo w in g  pro toco l :  a period of  1 hour in a 50 /50  m ixture  of
propylene oxide and a r a l d i t e ,  an overn ight  soak in an 80 per c e n t : 20 per 
cent m ixture  of  propylene oxide and a r a l d i t e ,  t r a n s f e r r e d  to fresh  
a r a l d i t e  which was then polymerised by heat ing at  60^C fo r  48 hours.
Tissue c u l t u r e  c e l l s  showing ty p ic a l  BHVl c y to p a th ic  e f f e c t  were 
removed from the glass surface  by means of rubber pol iceman and spun a t  
672 g fo r  5 minutes in a GF-6 MSE r e f r i g e r a t e d  c e n t r i f u g e .  The 
r e s u l t a n t  p e l l e t  was cut in to  small pieces which were then f ix e d  by the
method descr ibed above fo r  the  t i s s u e  samples.
U l t r a t h i n  sections o f  approximate ly  500 were cut using an LKB- 
ultra tome and sections were mounted on copper g r id s .  The sections were 
sta ined  in 20 per cent uranyl  a c e ta te  f o r  1 minute (Watson, 1958),  r insed  
in methanol and then s ta ined  in lead c i t r a t e  fo r  1 minute (Reynolds,
1963) before  being f i n a l l y  r insed in 0.02N sodium hydroxide.
(5) M ic ro b io lo g ic a l  examinat ion
(a) B a c te r ia l  i s o l a t i o n  and i d e n t i f i c a t i o n
Samples of  t is sue s  and exudates were c o l le c t e d  in s t e r i l e  
phosphate b u f f e r  s a l in e  (PBS) (pH 7 . 3 ) .  An a l i q u o t  from each 
- sample was inocu la ted  onto 2 p la te s  o f  10 per cent horse blood
agar and a s in g le  p la t e  o f  MacConkey's agar .  One horse blood
and one chocola te  blood agar p la t e  were incubated  
m icroa eroph i1 i c a l 1 y and the re s t  incubated a e r o b i c a l l y ,  a l l  a t  
37^C, A f t e r  24-48  hours incubat ion ,  est imates  were made of  
in d iv id u a l  colony numbers. In d iv id u a l  species o f  b a c t e r ia  were 
i d e n t i f i e d  according to  the methods o f  Cowan and Steel  (1 965 ) .
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(b) Mycoplasmal i s o la t i o n  and i d e n t i f i c a t i o n
D up l ica te  samples of  t i s s u e  ( 0 . 5 - 1 °Ocm ) were c o l le c t e d  in to
1.8ml o f  l i q u i d  media f o r  the d e te c t io n  of  glucose fermenting  
mycoplasmes. These samples were l i g h t l y  chopped and incubated  
a t  37°C fo r  30-45 minutes.  S e r ia l  t e n - f o l d  d i l u t i o n s  o f  each 
sample were made by t r a n s f e r r i n g  0.2ml into  1.8ml o f  the  
a p p ro p r ia te  b ro th ,  each being d i l u t e d  to  10 ^ o f  the o r i g i n a l  
t i s s u e  sample. The inocula ted  broths were incubated a t  37°C 
and subcultured onto s o l id  media as soon as a co lour  change in 
the broth was apparent.  Even i f  no colour  change had occurred,  
they were subcultured a t  day 3 and day 7 p o s t - i n o c u l a t io n .  A l l  
s o l id  media were incubated in an atmosphere o f  5 per cent carbon 
diox ide  in a i r .
Glucose fermenting mycoplasmas were is o la te d  in glucose  
serum broth (Gourlay and Leach, 1970) and i d e n t i f i e d  by 
immunofluorescence.  This was based on the i n d i r e c t  method of  
Rosendal and Black (1 972 ) ,  s l i g h t l y  modif ied in t h a t  f i r s t l y ,  the  
agar blocks were f i x e d  to  a glass s l id e  w i th  a w ax /vase l in e  
m ixture  and secondly,  the background agar autof luorescence  was 
reduced by c o u n t e r s t a i n Î ng w i th  0.1 per cent Evan's b lue .
S p e c i f i c  mycoplasma a n t i  sera were suppl ied by the WHO/FAO 
Reference Laboratory  (Aarhus, Sweden) and used w i th  a goat 
a n t i r a b b i t  serum conjugated w i th  f lu o r e s c e in  Î soth iocyanate .
U r e a - s p l i t t i n g  mycoplasmas were detected in U3 broth which 
d i f f e r e d  from U2 broth o f  Howard and Gourlay (1973) by the  
a d d i t io n  o f  0 .2 5  mg per ml of  magnesium s u lphate ,  Ureaplasma 
species were i d e n t i f i e d  as described by Gourlay ( I 968) .
A r g i n i n e - s p l i t t i n g  mycoplasmas were grown in a modif ied  
medium used fo r  the d e te c t io n  o f  Ureaplasma species (T a y lo r -  
Robinson, Haig and W i l l i a m s ,  196 7 ) .  This broth contained 0 .5  
per cent yeast e x t r a c t  ( D I f c o ,  D i fco  L a b o r a t o r ie s ,  Michigan,  
U . S . A . ) ,  0 .2  per cent a r g i n i n e ,  and 0 .025  per cent th a l ium  
a c e ta te  (pH 7 . 0 ) .  Mycoplasma a r g i n i n i was i d e n t i f i e d  by 
immunofluorescence using the method a lready  descr ibed fo r  the  
i d e n t i f i c a t i o n  o f  glucose fe rmenting  mycoplasmas.
(c) V i r a l  i s o l a t i o n  and i d e n t i f i c a t i o n
Cel l  c u l tu re s  were prepared f o r  v i r u s  i s o la t i o n  from bovine  
embryonic kidney (BEK), c a l f  kidney (CK) and c a l f  t e s t i s  (CT) by 
the f o l lo w in g  methods,
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Primary BEK and CK c u l tu re s  were prepared from bovine 
embryos, obta ined from cows mainly in the l a s t  t r im e s t e r  of  
pregnancy,  and from 1 -4  week o ld  calves r e s p e c t i v e ly .  Kidneys 
from both the dead embryos and calves were c o l l e c t e d  a s c e p t i c a l l y  
in to  a s t e r i l e  beaker and the  c o r t ic e s  f i n e l y  minced. The 
r e s u l t i n g  t i s s u e  fragments were washed w i th  phosphate b u f f e r  
s a l in e  (pH 7.3)  u n t i l  they appeared f r e e  of  blood. They were 
then washed once w i th  0 .2 5  per cent t ry p s in  (Gîbco, B io c u l t ,  
Glasgow, UK) and the supernatant  discarded.  Fresh 0 .25  per cent  
t r y p s in  was added and then incubated a t  37°C and the supernatant  
was again d iscarded.  A f u r t h e r  q u a n t i ty  of  f resh  0 .25  per cent  
t r y p s in  was added and the t issues  t r y p s in is e d  at  37^0 f o r  25 
minutes.  The r e s u l t i n g  supernatant conta in ing  the c e l l s  was 
c o l le c t e d  in a s t e r i l e  Erlenmeyer f l a s k  and stored a t  4* C^ a f t e r
1-2 ml o f  fo e ta l  bovine serum (FBS) had been added. The above 
process was repeated u n t i l  s u f f i c i e n t  c e l l s  had been c o l l e c t e d .  
The r e s u l t a n t  c e l l  suspension was f i l t e r e d  through a double lay e r  
o f  gauze,  put in to  graduated 15 ml c e n t r i f u g e  tubes and the c e l l s  
sedimented by c e n t r i f u g a t i o n  a t  1 4 6 ,6g for  15 minutes using a 
r e f r i g e r a t e d  c e n t r i f u g e .  The packed c e l l  volume (PCV) was read 
and the c e l l s  were suspended in 100 times t h e i r  volume in medium 
Ml 99 conta in ing  1 per cent non-essent ia l  amino a c id s ,  5 .6  per cent 
sodium b icarbona te ,  1 per cent 3 molar magnesium c h l o r id e ,  
t y l o s i n  50 /Jg/ml (Tylan; Elanco Products L t d . ,  Hants, UK),  
p e n i c i l l i n  100 un i ts /m l  and d ihydrost reptomycin  100/Ug/ml  
(Streptopen; Glaxovet L t d . ,  Middlesex,  UK) and 10 per cent FBS, 
Twenty ml of  c e l l  suspension were inocula ted in to  8 ounce 
p r e s c r ip t io n  b o t t l e s  and incubated a t  37°C. Complete monolayers 
were g e n e r a l l y  formed w i t h i n  7 days.
Secondary c u l tu r e s  were prepared by t r y p s in i s i n g  monolayers 
grown in 8 ounce p r e s c r ip t io n  b o t t l e s .  The c e l l  sheet was washed 
tw ice  w i th  20ml o f  pre-warmed (37^0) PBS f r e e  o f  calc ium and 
magnesium ions but c on ta in ing  0 .02  per cent sodium versenate .
One ml of  the same s o lu t io n  conta in ing  0 .25  per cent t r y p s in  
was inocula ted  in to  each of  the 8 ounce p r e s c r ip t io n  b o t t le s  
which were l e f t  in the “ hot-room" at  37°C u n t i l  a l l  the c e l l s  
had detached. The c e l l s  were then resuspended in Ml 99 medium 
as descr ibed above and re-seeded in to  8 ounce b o t t l e s  or tubes.
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Primary CT c u l tu re s  were prepared from te s te s  obta ined by a 
s t e r i l e  surgical technique from 1-4  week o ld  c a lv e s .  The 
t e s t i c u l a r  pulp was exposed by c u t t in g  through the tunica  
a lb ug ine a .  The i n i t i a l  procedure fo r  ob ta in in g  the c e l l s  was 
id e n t ic a l  to  th a t  a l rea d y  described f o r  the primary  BEK and CK 
c u l t u r e s .  A f t e r  s ed im enta t ion ,  the c e l l s  were suspended in a 
known volume o f  Ml99 medium. A 1:10 d i l u t i o n  in 1 per cent  
t rypan blue was counted in a Neubauer haemocytbmeter. The c e l l s
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were f i n a l l y  seeded a t  3 x 10 /ml concentra t ion  and formed 
complete monolayers in 4 -5  days.
Secondary c u l tu re s  were prepared in the same manner as 
described above fo r  the secondary BEK and CK c u l t u r e s .
Cold overn ight  t r y p s i n ! s a t  ion was a lso  used on a few 
occasions as an a l t e r n a t i v e  method o f  prepar ing primary BEK, CK 
and CT c u l t u r e s .  A f t e r  the a p p ro p r ia te  t issues  (see above) had 
been c o l l e c t e d ,  the mincing,  washing,  f i l t r a t i o n  and sedimentat ion  
o f  the c e l l s  was c a r r i e d  out as has a l re ady  been descr ibed.  The 
t i s s u e  fragments were t r y p s in is e d  a t  room temperature  fo r  45 
minutes wi th  the a id  o f  a magnetic s t i r r e r ,  a f t e r  which t ime the ' 
cloudy suspension thus produced was discarded and replaced with  
fresh  0 .25  per cent t r y p s in  s o lu t io n .  D igest ion  was continued  
o v e r - n ig h t  at  4°C p r i o r  to  harves t ing  the c e l l s .
Samples o f  t i s s u e  were c o l le c t e d  a s c e p t i c a l l y ,  at  necropsy,  
fo r  v i r u s  i s o l a t i o n  from the nasal conchae, nasopharynx,  t ra c h ea ,  
lung parenchyma and small b ronchi .  The samples were c o l le c t e d  in 
s t e r i l e  v i ru s  t ra n s p o r t  medium (VTM) which consisted o f  Ml 99 
medium, 5 per cent FBS, 1 per cent amphoteric in  B (Fungizone;
Gibco B i o - C u l t ,  Glasgow, UK) and p e n i c i l l i n - s t r e p t o m y c i n  o f  100 
uni ts /m l  and 100/Ug/ml r e s p e c t i v e l y .  V irus  i s o l a t i o n  was c a r r i e d  
out in tube c u l tu r e s  o f  secondary CK and CT c e l l s .  A 10 per cent  
suspension o f  each of the samples from a f f e c t e d  animals was 
prepared in VTM and about 5 ml o f  t h i s  suspension was homogenised 
f o r  th ree  30 second periods in a Colworth stomacher 80 Lab-Blender  
The homogenate was f i l t e r e d  through s t e r i l e  gauze and 0.5ml o f  
t h i s  was used to  in o c u la te  each o f  the four  tube c u l tu r e s  which 
were then incubated f o r  1 hour a t  37°C to  a l lo w  v i ru s  a d s orp t ion .  
The tubes were checked d a i l y  up to  four days fo r  evidence o f  
cytopathogen ic i t y .  Whole c u l tu r e s  were passaged 3 times before  
being f i n a l l y  d iscarded as n e g a t iv e .  The nasal swabs were
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t r e a t e d  in the same way a f t e r  removal o f  the cotton-wool from the  
a p p l i c a t o r  s t i c k s .
The v i r u s  i s o la t e s  were i d e n t i f i e d  by the fe a tu re s  of  t h e i r  
c y to p a th ic  e f f e c t  (CPE), t h e i r  u l t r a s t r u c t u r e  and t h e i r  
n e u t r a l i s a t i o n  by hyperimmune serum. In a d d i t i o n ,  CK or BEK 
c o v e r s ! ip  c u l tu re s  were prepared in tubes,  some being in fe c te d  
w i th  the v i ru s  i s o l a t e  and others  l e f t  un in fec ted  as c o n t r o ls .  
I n fe c te d  and contro l  c u l tu re s  were f i x e d  in Bouin's f l u i d ,  s ta ined  
by haematoxyl in and eosin and examined m ic ro s c o p ic a l ly  fo r  
c y t o lo g ic a l  changes fo r  7 consecut ive days. F lu id  c o l le c te d  
from a c u l t u r e  w i th  an e x te n s ive  CPE v/as t r a n s f e r r e d  to  copper 
g r i d s ,  n e g a t iv e ly  s ta ined  w i th  2 per cent phosphotungstic acid  
and examined w i th  an e le c t r o n  microscope at  an instrumental  
m a g n i f ic a t io n  o f  t imes 20 ,0 00 .
Growth of  the stock v i ru s  I s o la t e  was achieved by 
in o c u la t in g  1 ml o f  f l u i d  from tubes showing an e x ten s ive  CPE in to  
8 ounce p r e s c r ip t io n  b o t t l e  c u l t u r e s ,  which were l e f t  a t  37^C fo r  
1 hour fo r  v i ru s  ad so rp t io n .  Twenty-ml o f  maintenance medium 
(Ml 99 medium + 5% FBS) was then added and the c u l tu re s  incubated  
at  37°C. The v i ru s  was harvested when approximate ly  90 per cent  
o f  the monolayer showed a CPE; t h i s  was u s u a l ly  on the second or  
t h i r d  day p o s t - i n o c u l a t io n .  The harvested v i r u s  was kept a t  
- 70^C ov ern igh t  and a l lowed to  thaw at  room temperature  the  
f o l lo w in g  day.  The iceb lock  was used to  scrape the cel Is ,w h ich  
were s t i l l  a t tached to  the glass w a l l ,  by shaking the b o t t l e  up 
and down. The r e s u l t i n g  f l u i d  was c e n t r i f u g e d  a t  168g fo r  15 
minutes in a r e f r i g e r a t e d  GF-6 MSE c e n t r i f u g e .  The supernatant  
( v i ru s  suspension) was put in to  0.5ml ampoules and stored a t  
- 70^C u n t i l  req u i red .
For the s e ro lo g ic a l  i d e n t i f i c a t i o n  o f  the v i r u s - i s o l  a t e , 
n e u t r a l i s a t i o n  te s ts  were c a r r i e d  out w i th  r a b b i t  antiserum to  
IBR v i ru s  supplied by the Department of  M ic ro b io lo g y ,  Moredun 
I n s t i t u t e ,  Edinburgh. Two-fo ld  d i l u t i o n s  of  serum were mixed 
w ith  a constant amount o f  v i ru s  and held a t  37°C fo r  1 hour to  
a l lo w  n e u t r a l i s a t i o n .  Four tube c u l tu re s  of  CK c e l l s  were then 
Inocu la ted  w i th  each m ix tu re  so t h a t  each rece ived 100 TCID^q o f  
v i r u s .  The tubes were incubated a t  37°C and examined up to  the  
f i f t h  day p o s t - i n o c u l a t io n  fo r  any evidence of c y to p a th ic  e f f e c t ,
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(6) Sero log ica l  examinat ion
Serum n e u t r a l i s i n g  ant ibody  t i t r e s  were determined by means o f  
a m i c r o t i t r e  system In which each wel l  rece ived 30 T C I 6 f  v i r u s .  The 
f u l l  d e t a i l s  o f  t h i s  t e s t  a re  given in Chapter 3.
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RESULTS
(1) D e t a i ls  o f  one inc iden t  o f  in fe c t io u s  bovine r h Î n o t ra c h e Î t î s
H is to ry  o f  inc ident
Two groups o f  c a t t l e  a r r i v e d  on an Aberdeenshire  farm during  
February ,  1978; 39 b u l lo c k s ,  which had been bought in the south o f
Scot land ,  a r r iv e d  on February 7 and 49 weaned, s in g le -s u c k le d  calves  
a r r i v e d  on February 13 from the west coast v ia  Aberdeen market.  Group 1 
was made up o f  the 39 bul locks  to gether  w i th  the 3 b iggest  suckled ca lv es ;  
the remaining 46 calves comprised Group 2, These groups were housed 
adjacent  to  each other in a la rge  shed, in which there  a l rea d y  were two 
groups (Group 3 and Group 4) o f  40,  n e ar ly  f a t  b u l lo cks ,  18 to  24 months 
o f  age (Fi gure 1 ) .
Cl in ic a l  fea tu re s
In the morning of  February 19 a bu l lock  In Group 1 was seen to  
be very dul l  and to  have r e s p i r a t o r y  d i s t r e s s .  On c l i n i c a l  examinat ion,  
pyrex ia  (105^F) was detected  and f l u i d  sounds as well  as rhonchi were 
heard an te ro ve n tra l  1 y on both sides of  the chest.  A d iagnosis  o f  t r a n s i t  
fe v e r  was made and 1 gram o x y t e t r a c y c l j ne (Terramycin; P f i z e r  L t d . ,  Kent,  
UK) and 6 m i l l ig ra m s  betamethasone (Betsolan; Glaxo Vet L t d . ,  Middlesex,  
UK) were given in t ra m u s c u la r ly .  A n t i b i o t i c  therapy was given d a i l y  fo r  
10 days but desp i te  t h i s  I t s  co n d i t io n  d e t e r io r a t e d  fo r  the next 3 days 
and then s lowly  improved during the f o l lo w in g  2 weeks.
In the evening of February 19, case 98 and another c a l f  In
Group 2 were seen standing a lone and not e a t in g .  On c lo s e r  inspection
they were seen to  be d roo l in g  s a l i v a  and to  have seromucoid nasal and
oc u la r  discharges (F igure  2 ) ,  Although both cases were pyrex lc  (105°F;
1 0 7 ° F ) ,  n e i th e r  animal was tachypnoeic  and a d v e n t i t io u s  lung sounds were 
not heard on a u s c u l t a t i o n .  Again 1 gram o x y te t rac yc l  i ne and 6 m i l l ig ra m s  
bdtamethasone were given in t r a m u s c u la r ly .
During the week February 20-25  the c o n d i t io n  of  case 98 
d e t e r io r a t e d  and i t  became s evere ly  dyspnoeic in s p i te  of  the fo l lo w in g  
regime o f  t rea tm en t :  1 gram o x y t e t r a c y c l i ne fo r  1 day,  4 grams t y l o s i n
(Tylan 200; Elanco L t d . ,  Hampshire,  UK) fo r  1 day,  5 grams p e n i c i l l i n  and 
dihydrostreptomycin  (S treptopen;  Glaxovet L t d . ,  Middlesex ,  UK) f o r  3 
days.  On every subsequent occasion the a n t i b i o t i c  trea tment  consisted  
o f  5 grams p e n i c i l l i n  and d ihydrostreptomycin  given in t ra m u s c u la r ly .
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FIGURE 1 . The p os i t ion  of  the calves in Group 2 r e l a t i v e  to  the 
bullocks in the other  3 groups sharing the same accommodation.
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FIGURE 2 . A close up of Case 99 from outbreak 1 showing a 
marked b i l a t e r a l  copious mucopurulent nasal discharge and profuse 
s a l i v a t io n .  Note,  the animal is d u l l .
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The second c a l f  improved slowly  although i t s  temperature remained e le va ted  
fo r  several days. On February 25 ,  14 m i l l ig ram s  o f  betamethasone were 
given in a d d i t io n  to  the a n t i b i o t i c  t rea tment  and. both calves  had improved 
cons iderab ly  by the next day. However, on February 27,  case 98 was again  
mouth-breathing although the second c a l f  had maintained i t s  c l i n i c a l  
progress.  At t h is  t ime,  a t h i r d  animal was s l i g h t l y  dul l  w i th  pyrex ia  
( l 0 3 ° F ) ; i t  was d roo l in g  s a l i v a ,  had c o n j u n c t i v i t i s  w i th  profuse serous 
lachrymat ion and a seromucoid nasal discharge.  A d v e n t i t io u s  lung sounds 
were not heard.  A l l  th ree  animals were given a n t i b i o t i c  t re a tm en t .
On February 28 another 3 calves  in Group 2 were seen to  be i l l  
by the farmer and a f u r t h e r  6 were found to  be s i m i l a r l y  a f f e c t e d  when the  
re s t  of  the group was examined. The common presenting signs were profuse  
serous 1achrymation,  seromucoid nasal d ischarge ,  s l i g h t  du l lness  and 
f requent  coughing.  On c l i n i c a l  examinat ion,  there  was severe 
c o n j u n c t i v i t i s ,  congestion o f  the nasal mucosa, pyrex ia  and tachypnoea 
(R esp ira to ry  Rate = 40 to 80 per m in u te ) .  A d v e n t i t io u s  lung sounds were 
not heard although the r e s p i r a t io n s  were harsh.  Eight  o f  the nine calves  
were t r e a t e d  w i th  a n t i b i o t i c s  w h i le  the n in th  (case 9 9 ) was not.  At th is  
t ime 2 animals (cases 98 and 99) were t ransported  to  the U n i v e r s i t y  of  
Glasgow V e t e r in a r y  School. A d e t a i l e d  c l i n i c a l  examinat ion was c a r r i e d  
out on both cases and the r e s u l t s  a re  summarised in Table 4 .  Blood 
samples and nasal swabs were taken f o r  f u r t h e r  i n v e s t i g a t i o n .
Several  animals in Group 1 had a seromucoid nasal discharge  
and a few others  had obvious serous lachrymat ion .  Two o f  these had one 
eye h a l f - s h u t  w i th  swollen eye-1 ids and, since the farmer had a l re ad y  
seen corneal  o p a c i t ie s  In both,  i n f e c t io u s  bovine k e r a t o c o n j u n c t i v i t i s  
was diagnosed. None of  the o ld e r  bul locks In Group 3 and 4 were ever
seen to  have ocu lar  or nasal discharges e i t h e r  during t h i s  period or
subsequent!y .
On March 1,  the 34 calves  in Group 2 which had not been t r e a te d  
Were examined i n d i v i d u a l l y ;  31 calves  (91%) had a nasal discharge (24 
seromucoid,  7 mucopurulent ) ,  14 calves  (41%) were p y r e x lc ,  13 calves  
( 38%) had lachrymat ion (10 serous,  3 puru lent)  w i th  c o n j u n c t i v i t i s  
(7 u n i l a t e r a l ,  6 b i l a t e r a l )  and 11 calves  (32%) had congested ora l  
mucous membranes. Sporadic coughing was a lso  heard.  Each pyrex lc  c a l f  
was given d a i l y  a n t i b i o t i c  therapy u n t i l  i t s  temperature re turned to  
normal.  Only 4 ca lves  were t r e a t e d  more than tw ice and the f i n a l
trea tment  was given on March 6.  No new cases arose a f t e r  t h i s  date  and
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Table 4 . Summary o f  c l i n i c a l  signs and haematological  f in d in g s  o f  
cases 98 and 99 on admission to the v e t e r i n a r y  school.
CLINICAL SIGNS CASE 98 CASE 99
Demeanour Very d u l 1 • Dul 1
Temperature 104.9°F 103.5°F
Lachrymat i on Matted h a i r S I Î ght serous
Conjunct i v i t i s Yes Yes
Kerat  i t i s No No
Nasal discharge Puru lent Mucopurulent
Nasal mucous membranes Congested Congested
D i p h t h e r i t i c  plaques Yes No
Hal i  tos i s Yes Yes
R es p ira to ry  r a te  per min 30 40 to  50
R e s p ira to ry  depth i n s p i r a t o r y  dyspnoea Gross hyperpnoea
Cough i ng No Occas ional  , s i ngle
Tracheal  sounds Loud “ r a t t l e ” No
A d v e n t i t io u s  lung sounds Occasional rhonchus/ Rhonchus 1/3  up on
c rack les  A/V on R l e f t
Thoracic  pain No No
Oral mucous membranes Congested Congested
Drooli  ng sal i va Yes - f ro th y No
Duration o f  i l l n e s s  p r i o r
to  s laughter 10 days 1 day
Treated Yes No
PCV per cent 34 28
Hbg per 100 ml 11 .0 9.1
' A
RBC 10 cu mm 7.79 5 .7 4
WBC cu mm 10,400 7000
Neutrophi l s  cu mm 7176 4550
Lymphocytes cu mm 3224 2450
Eos i nophi l s  cu mm 0 0
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a l l  the calves  appeared to  have recovered f u l l y  by March 14.
An acute severe outbreak o f  IBR was diagnosed. Of the 46 calves  
a t  r i s k ,  44 had c l i n i c a l  signs o f  i n f e c t i o n  and 12 were s eve re ly  i l l .
The m o rb id i ty  r a te  was v i r t u a l l y  100 per cent and, al though no f a t a l i t i e s  
occurred on the farm, case 98 would almost c e r t a i n l y  have d ied .
On A p r i l  11,  7 weeks a f t e r  the f i r s t  case was seen, the calves  
in Group 2 were re-examined and blood samples taken.
Post-mortem examination
Case 9 8 . There was a severe acute  n e c r o t is in g  r h i n i t i s  and p h a ryn g i t is  
(F igure 3) • The mucous membranes of  the nasal conchae and the  
nasopharynx were congested and a moderate number of  pe techia l  haemorrhages 
were a ls o  seen. A la rg e  amount of  mucopurulent exudate was present In the  
nasal passages and the re  was necros is  o f  the mucous membrane of  the  
conchae in the r o s t r a l  p a r t  o f  the nose w i th  n e c r o t ic  debr is  adhering to  
the mucous membrane.
There was a severe o b s t r u c t i v e  n e c ro t is in g  
1aryngot rache obronch i t is  (F igure 4 ) .  The larynx  was obstructed  by p i le d  
up n e c r o t ic  d e b r is .  Most o f  the luminal surface of  the t ra c h ea ,  through­
out i t s  len g th ,  was covered by a y e l lo w is h  s o f t  pseudomembrane, which had 
a rough sur face .  On areas o f  the t rachea and bronchi not covered by 
n e c r o t ic  d e b r is ,  congestion and p e te ch ia l  haemorrhages were seen.
There was an ex tens ive  acute exudative  i n t e r s t i t i a l  pneumonia 
with  f ib r in o u s  p l e u r is y .  The c r a n ia l  par ts  of  both lungs were a f f e c t e d ,
A moderate degree o f  i n t e r s t i t i a l  emphysema was present in the non™ 
pneumonic areas of  the c r a n i a l ,  middle and caudal lobes o f  the lungs.
There were e a r l y  degenera t ive  changes in the l i v e r  which 
conta ined  10 to  12 l i v e r  f lu k e s  and one microscopic area of  necrosis  
resembled a f lu k e  t r a c t .  In the abomasum there  was a moderate number
o f  c i r c u l a r  haemorrhagic u lcers  1 to 2 cm in d iam eter ,  A cons iderab le  
number o f  i n f a r c t s  were found in both kidneys.
On microscopic examinat ion an acute n e c r o t is in g  r h i n i t i s  w i th  
hyperp las ia  aid dysp las ia  o f  the e p i th e l iu m ,  which in many places was 
i n f i l t r a t e d  by n e u t r o p h i l s ,  was d e tec ted .  S u b e p i t h e l i a l 1 y , th e re  was a 
cons iderab le  number o f  lymphocytes and i n f i l t r a t i n g  n e u t r o p h i ls ;  sane 
o f  the lymphocytes had formed f o l l i c u l a r  accumulations.  Plasma c e l l s  
surrounded the submucosal glands many o f  which were h y p e r p la s t i c  and 
d i l a t e d  w i th  s e c r e t io n .  S im i la r  changes were seen in the mucous membrane
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FIGURE 3 . A sag i ta l  section of the head of Case 98 from
outbreak 1 ; a considerable amount of  necro t ic  debris is 
ly ing  in the nasal passages.
33
FIGURE k . Larynx and trachea of Case 98 from outbreak 1.
The mucous membrane is covered by a th ick  d i p h t h e r i t i c  
exudate throughout i ts  length;  note the swell ing and necrot ic  
debris in the larynx .
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o f  the pharynx.  No inc lus ion  bodies were found In the e p i t h e l i a l  c e l l s  
o f  the upper r e s p i r a t o r y  t r a c t .
There was a severe,  acute ,  n e c r o t is in g ,  t r a c h e i t i s  w i th
e x tens ive  d e s t ru c t io n  o f  the c i l i a t e d  e p i th e l iu m  (F igure 5 ) .
I n t r a n u c le a r  inc lus ion  bodies were not seen in the is o la te d  fragments o f  
the t rachea l  e p i th e l iu m  th a t  remained. Below the n e c r o t ic  l a y e r ,  the  
lamine propr ia  was congested w i th  focal  haemorrhages and patches of  f i b r i n  
d e p o s i t io n .  Neutroph i ls  had i n f i l t r a t e d  the lamina propr ia  as had 
lymphocytes,  which formed f o l l i c u l a r  aggregates in some areas .  The 
trachea l  submucosal glands were increased in s iz e ,  many had d i l a t e d  ducts 
and tubules l in e d  by f l a t t e n e d  e p i t h e l i a l  c e l l s ;  the lumena were u su a l ly  
f i l l e d  w i th  s e c re t io n .  Plasma c e l l s  surrounded many glands.  Pools o f  
mucus, which were seen in the upper lamina p ro p r ia ,  appeared to  have been 
produced by leakage from obstructed  or damaged gland ducts.  Inc lus ion
bodies were not seen in the e p i t h e l i a l  c e l l s  o f  the glands.
Areas of  necrosis  were seen in the pneumonic areas and the re
was evidence of e a r l y  o r g a n is a t io n .  Thrombosed branches of pulmonary
veins were a lso  found.
Case 9 9 . This animal had an acute n e c ro t is in g  r h i n i t i s ,  p h a ry n g i t is  and 
1aryngot racheobronch i t is  almost id e n t i c a l  macroscopî c a l 1 y and 
m icro s c o p ic a l ly  to  th a t  in case 98. The la ry nx ,  however, was not 
obstructed  to  the same degree by n e c r o t ic  d e br is .  A puru lent  pneumonia 
was present in the c r a n ia l  and middle lobes of  the lungs wi th  
i n t e r s t i t i a l  emphysema In the adjacent non-pneumonic t is s u e  (F igure 6 ) .  
There was a considerab le  amount of  puru lent  exudate In the bronchi 
r e la t e d  to the pneumonic a rea .  In small bronchi and la rg e  bronchioles  
w i t h i n  the les io n  the re  was focal  necros is  o f  the e p i th e l iu m .  Several  
p e r ib ro n c h io la r  lymphocytic accumulations were present .  M ic rove s ic le s  
i n f i l t r a t e d  by neu tro p h i ls  were seen in the e p i th e l iu m  of  some small 
bronchi .  I n t r a n u c le a r  in c lus ion  bodies in e p i t h e l i a l  c e l l s  were not 
found a t  any leve l  of  the r e s p i r a t o r y  t r a c t .  in t h i s  case,  g lobule  
leukocytes were present in moderate numbers in the e p i th e l iu m  of the 
nasal conchae,  the pharynx and the bronchi .
The l i v e r  was pale w i th  e a r l y  degenerative  changes and the re  
were a few globule  leukocytes in the b i l e  ducts .  There was a 
moderately  severe o s t e r t a g l a s i s  ; p a ra s i te s  were seen in sections o f  
abomasal mucosa and th e re  were many g lobule  leukocytes .
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F IGURE 5 . Trachea from Case 98 from outbreak 1 wi th excess 
mucous secret ion from d i l a t e d  glands producing pools of  mucus 
s u b e p i t h e l I a l i y ( A ) ,  Note a lso the severe necrosis of  the 
e p i t h e l i a l  1a y e r .
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FIGURE 6 . Trachea and lung from Case 99 from outbreak 1.
There Is a moderately severe pneumonia a f f e c t i n g  the c ran ia l  
area of  the lungs and there  is a lso i n t e r s t i t i a l  emphysema ( A ) 
Necrotic  exudate due to  t r a c h e i t i s  can be seen on the mucosal 
surface of  the trachea ( A ) in i t s  terminal p o s i t io n .
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In both cases,  f r e e  v i r u s  p a r t i c l e s  morpholog ica l ly  
i n d is t in g u is h a b le  from herp es v i ru s ,  were recognised by e le c t r o n  
microscopical  examinat ion of  samples o f  n e c ro t ic  debr is  from the  
t rachea l  mucous membrane.
M ic ro b io lo g ic a l  examination
The r e s u l ts  are given in Table  5. In fe c t io u s  bovine
r h i n o t r a c h e i t i s  v i rus  was i s o la te d  from a l l  t issues  sampled. A CPE
appeared w i t h in  24 hours of  In o c u la t io n  o f  the t is su e  c u l t u r e  (F igure 7) 
and had involved 60 to  80 per cent o f  the c e l l s  by 48 hours post ­
in f e c t i o n  (PI) (Figure 8 ) .  I n i t i a l l y ,  i t  consisted of  small foc i  of  
round, r e f r a c t  l i e  c e l l s  but spread of in f e c t io n  occurred so r a p id ly  t h a t ,  
by 36 to 48 hours P I ,  i t s  focal  o r i g i n  v/as no longer apparent.  In fec ted  
c e l l s  v a r ie d  in s ize  according to the degree o f  ba l loon ing  present,  but 
a m in o r i ty  were considered l a r g e r  than the rest and, on s ta in in g  w i th  
haematoxyl in and eosin ,  were found to conta in  up to four  n u c le i .
I n t r a n u c l e a r  i n c l u s i o n s  were not  found in  any c e l l .  As t he  CPE p r og r essed ,
t he  b a l l oo n e d  c e l l s  became shrunken and were f r e q u e n t l y  l i n k e d  by l o n g ,
s t r a i g h t  s t r a nd s  o f  c y t op l as m.  Dur i ng  a second passage in CK c e l l s ,  t he
7 7i n f e c t i v i t y  t i t r e  reached 10 * TCID 50 per  ml .
E l e c t r o n  m i c r o s c o p i c  e xa m i na t i o n  o f  n e g a t i v e l y  s t a i n e d  f l u i d  
c o l l e c t e d  f rom a c u l t u r e  w i t h  an e x t e n s i v e  CPE r ev ea l ed  t he  presence o f  
smal l  numbers o f  t y p i c a l  h e r p e s v i r u s  v i r i o n s ,  both  naked and enve l oped .
In the n e u t r a l i s a t i o n  t e s t  the highest serum d i l u t i o n  used,
1 in 128 , n e u t r a l i s e d  the v i ru s  inocula ted  In to  a l l  four tubes thus 
confi rming th a t  the i s o la t e  was a bovine herpesvirus 1. The t i t r e s  of  
antibody detected by the m i c r o t l t r e  n e u t r a l i s a t i o n  te s t  are  given in 
Table  6,  N e u t r a l is i n g  a n t ib o d ie s  were detected in 23 of  the 44 sera 
examined.
Mycoplasma bovIs was is o la te d  In la rge  numbers from both 
cases (Table 5 ) .  The organism was recovered from the t rachea and 
bronchus o f  case 98 and the nasal concha and bronchus o f  case 99.  No 
other  mycoplasmas were i s o la t e d .
A profuse growth of  a v a r i e t y  o f  b a c te r ia  re s u l te d  from 
c u l t u r e  o f  a l l  t issues examined (Table 5 ) .  Streptococcus pneumonIae 
was the only  recognised pathogen c u l tu re d  and was l i m i t e d  to  the trachea  
o f  case 9 8 .
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mf
FIGURE 7 . Ear ly  focal cytopath ic  e f f e c t  produced by bovine 
herpesvirus 1, 24 hours p o s t - in f e c t io n .  Re trac t ion  of  c e l l s  
has resul ted in the formation of  small spaces. Phase contrast  
X300.
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%FIGURE 8 . Advanced cytopath ic  e f f e c t  due to bovine 
herpesvirus 1, 48 hours p o s t - in f e c t io n ;  note the s t r a ig h t  
strands of cytoplasm and the great v a r ia t io n  in the size  
of the rounded c e l l s .  Phase contrast  X300.
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TABLE 5 » The r e s u l t s  o f  t h e  m i c r o b i o l o g i c a l  e x a m i n a t i o n  o f  two c a l v e s
w i t h  i n f e c t i o u s  b o v i n e  r h i n o t r a c h e i t l s .
CASE TISSUE VIROLOGY BACTERIOLOGY MYCOPLASMQLOGY
98 Nasal swab IBR ND ND
Nasal concha IBR ND ND
Nasopharynx IBR A lc a l ig e n e s  faecal  is 
Enterobacter  aerogenes
-
T rachea IBR Proteus sp.
S trep pneumoniae
M,bovis
Bronchus IBR Aerococcus v i r id a n s M,bovi s
99 Nasal swab IBR ND ND
Nasal concha IBR Enterobacter  aerogenes 
Flavobacterium sp.
M,bovls
Nasopharynx IBR ND ND
Trachea IBR Proteus sp. 
Flavobacterium sp.
-
Bronchus IBR Flavobacterium sp. M.bovis
ND = Not done
TABLE 6« The re s u l ts  o f  the serum n e u t r a l i s a t i o n  te s t  fo r  
a n t ib o d ies  from the f i r s t  in c id e n t  of  in fe c t io u s  
rhi  notrachei  t  i s „
examinat ion o f  
bov i ne
T i t r e
*
No, o f  animals w i th  the t i t r e
32 1
24 3
16 1
12
8
6
4
4
6
3
3
6
21
Serum d i l u t i o n  re c ip r o c a ls
(2) D e t a i l e d  r e s u l t s  o f  15 i n c i d e n t s  o f  i n f e c t i o u s  b o v i n e  r h j n o t r a c h e i t Î s
Farmer's  observations
The c l i n i c a l  a b n o rm a l i t ie s  as observed by the farmers are  
summarised in Table 7. The most common, s in g le  sign of  i l l n e s s  was a 
reduct ion  in a p p e t i t e  which was observed in 9 In c id e n ts ;  in 5 outbreaks  
( 2 , 5 , 7 , 1 2 , 1 5 )  a f f e c t e d  in d iv id u a ls  were said to  be anorex ic  and. In 
in c id e n t  6,  a f f e c t e d  animals refused to  eat  hay w h i le  cont inu ing  to  eat  
co ncentra tes .  Combined serous o c u la r  and nasal discharges were observed 
in 8 In c iden ts  and, in a f u r t h e r  5 e i t h e r  nasal discharge (3 inc iden ts )  
or o cu lar  discharge (2 Inc iden ts )  was no t ic ed .  There fore  in only  
outbreaks 10 and 11 were these signs not noticed by the fa rmer.  In 3 of  
the 7 Inc idents  in which coughing was heard ( 4 , 8 , 1 4 ) ,  a f f e c t e d  in d iv id u a ls  
were said  to cough f r e q u e n t l y .  Other signs of  r e s p i r a t o r y  disease  
included tachypnoea (5 inc idents )  and hyperpnoea (2 i n c id e n t s ) .  A few of  
the severe ly  a f fe c te d  animals in in c id e n t  10 were said to  have been 
"snori  ng".
In 6 in c id e n ts ,  a f f e c t e d  in d iv id u a ls  were said to  be d u l l ;  
g e n e r a l ly  the animals were considered to  be s l i g h t l y  d u l l ,  al though in 
inc idents  2 and 15 they were moderate ly  to  severe ly  d u l l .  The d roo l ing  
o f  s a l i v a  which was noticed in 4 in c ide n ts  was s ta ted  to be profuse in 
in c ide n ts  2 and 12. A sudden drop in m i lk  y i e l d  was reported  in 2 o f  the 
4 outbreaks involv ing  d a i ry  c a t t l e  and in inc ident  15 a g a l a c t i a  was a 
f e a t u r e .
C l i n i c a l  si gns
Pyrexia  was detected  in every  s ick  animal subjected to  a 
c l i n i c a l  examination in each I n c id e n t .  The values ranged from 1 0 3 -1 0 7 .5°F
At the t ime o f  the farm v i s i t ,  i t  was es tab l is h e d  t h a t ,  in 
every i n c id e n t ,  the food consumption of  a f f e c t e d  animals had decreased 
(Table 8 ) .  In 5 outbreaks ( 2 , 3 , 9 , 1 2 , 1 5 ) ,  the animals were anorexic  fo r
2 -3  days at  the beginning o f  the i l l n e s s .  In outbreaks 1 , 6 , 7 , 8  and 14 
only  roughage was refused w h i le  concentrates  continued to  be e a ten ,  
a l b e i t  more s lowly .  In In c id en t  13, i t  was said th a t  concentrates were 
l e f t  whereas the hay was eaten .
In 8 in c id e n ts ,  a f f e c t e d  animals were considered to  be s l i g h t l y  
du l l  whereas in the o ther  7, a moderate to severe degree of  dul lness was 
observed,
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Ocular d ischarge ,  which was u s u a l ly  b i l a t e r a l ,  was a common 
f i n d in g  in 13 in c iden ts  and in 6 of  these i t  was so profuse th a t  the
h a i r  on the cheeks o f  a f f e c t e d  in d iv id u a ls  became matted.  I n i t i a l l y ,  the
discharge was serous bu t ,  subsequent ly ,  i t  became mucoid or mucopurulent  
in c h a ra c te r .  On close  examinat ion,  in d iv id u a ls  w i th  b i l a t e r a l  
c o n j u n c t i v i t i s  were seen in each o f  the 13 outbreaks although the s e v e r i t y  
and the  number a f f e c t e d  v a r ie d  markedly.  There was marked congestion o f
the con junct iva  w i th  oedema and p ro t ru s io n  of  the n i c t a t i n g  membrane in
severe cases (F igure 9 ) .  There was a lso  granular  les ions  on both the  
bulbar  and palpebra l  con junct iva  as wel l  as i n j e c t i o n  o f  the s c le ra l  
vessels  in a few animals in in c id en t  4 (F igure  10 ) .  Punctate haemorrhages 
were not observed in e i t h e r  m i ld ly  or severe ly  a f fe c te d  i n d i v i d u a l s .
In fe c t io u s  bovine k e r a t o c o n j u n c t i v i t i s  (IBK) was diagnosed in 
11 farms and, r e t r o s p e c t i v e l y ,  i t  was e s tab l ish ed  th a t  th e re  had been 
a marked increase in the incidence of t h i s  c ond i t ion  on farm 13 and a 
s l i g h t  increase on farms 3 and 6.  In c o n t r a s t ,  in outbreak 7 the  
inc idence was said to  have been s l i g h t l y  less than in previous years .
The number o f  cases which developed on the other 7 farms was unchanged.
A b i l a t e r a l  nasal d ischarge was present In a la rg e  proport ion  
o f  the animals in every outbreak.  I n i t i a l l y  t h is  discharge was serous 
(F igure  11) but l a t e r  became mucoid or mucopurulent in advanced cases.
In s evere ly  a f f e c t e d  in d iv id u a ls  In 9 in c id e n ts ,  there  was marked 
congestion of  the nasal mucosae and ye l low ish-brown,  d i p h t h e r i t i c  plaques  
were seen in e i t h e r  one or both nares .  Haemorrhages were seen in the  
nasal mucosae o f  s in g le  animals admit ted from outbreaks 8 and 9.
A degree o f  f o e t i d  h a l i t o s i s  was detected in every  animal in 
which d i p h t h e r i t i c  plaques were seen, but was p a r t i c u l a r l y  marked in 
in c ide n ts  3 and 15. A sweetish odour was detected in case 98 admitted  
from in c id e n t  1.
A sudden increase in the frequency of coughing was present a t  
the  beginning of  every in c id e n t .  A l though,  in 12 outbreaks ,  severe ly  
a f f e c t e d  In d iv id u a ls  coughed f r e q u e n t l y ,  paroxysms o f  coughing were never  
observed. Productive  coughing was only  confirmed in in c id e n t  11 in 
which t i e d ,  d a i ry  c a t t l e  were a f f e c t e d .  Blood-s treaked mucus was seen 
on the byre wal l  soon a f t e r  the animals became i l l .
S l ig h t  to  moderate tachypnoea and hyperpnoea were observed in 
several  animals in 13 in c id e n ts .  R e s p ira to ry  s t e r t o r  developed in 
sev ere ly  a f f e c t e d  in d iv id u a ls  from in c iden ts  3 , 4 , 6  and 12,  w h i le  dyspnoea
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FIGURE 9 . A case from outbreak k. Severe c o n ju n c t iv i t i s  
with  obvious conjunct iva l  oedema and mucoid ocular  discharge  
can be seen in the medial canthus; note there is no k e r a t i t i s
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F IGURE 10. Another case from outbreak 4 with  sclera l  
oedema, in jec ted  blood vessels and a few granular  lesions
51
F I GURE 11 . A Hereford h e i fe r  front outbreak 3 showing a 
copious b i l a t e r a l  mucoid nasal discharge,  as well  as fro thy  
sa l iva  at  the commissures of  the mouth.
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(F igure  12) was observed in p a r t i c u l a r l y  severe cases from inc idents  1, 
2 , 3 , 4  and 7. A d v e n t i t io u s  lung sounds were only heard in the two cases 
from outbreak 1 ,
Drool ing of  s a l i v a  (F igure  2) was a fe a tu r e  in 13 inc idents  but 
only  in 7 was i t  a common f i n d i n g .  Profuse f r o t h y  s a l i v a t i o n  was a 
c h a r a c t e r i s t i c  fe a tu r e  o f  inc ide n ts  3 and 12, On oral  examinat ion,  the  
only  c l i n i c a l  abnorm al i ty  de tected was s l i g h t  congestion of  the mucous 
membranes.
During the course o f  the d isease ,  f a t t e n i n g  beef c a t t l e  did not 
put on weight fo r  a period o f  from 1 -8  weeks and severe ly  a f f e c t e d  
in d iv id u a ls  lo s t  up to  30 ki lograms body-weight.  The m i lk  y ie l d  of  
l a c t a t i r ig  d a i ry  cows decreased by 1 -4  ga l lons  depending on t h e i r  level  of  
product ion;  in some cases the re  was a g a l a c t i a .
Diarrhoea which was observed in a fev/ in d iv idua l  animals in 
6 inc idents  was not a f e a tu r e  o f  any o f  the cases admitted to the 
V e t e r in a r y  School,  The only  an imal ,  which was seen to  have d iarrhoea  
and which was examined a t  necropsy,  had died from mucosal d isease.
Abort ions which were not due to  Brucei 1 a abortus in f e c t io n  
occurred during outbreaks 4 (6 cows),  5 (l h e i f e r ) ,  7 (l h e i f e r )  and 
8 (2 h e i f e r s ) .  A dramat ic  reduct ion  in conception r a te  to  50 per cent  
a ls o  occurred in herd 5 w h i le  in herd 8 a few h e i f e r s  re turned to the  
bu l l  6 weeks a f t e r  the c l i n i c a l  signs o f  IBR were f i r s t  no t ice d .
Pustu la r  les ions  were present on the p o s te r io r  aspect of  the udder of  one 
o f  the cows from outbreak 8 (F igure 1 3 ) .
The dura t ion  of  c l i n i c a l  s ig ns,  i . e .  from the t ime the f i r s t  
case was seen to  be i l l  u n t i l  c l i n i c a l  signs were no longer observed,  
ranged from 1 week in outbreak 12 to  8 weeks in outbreak 10 (F igure  1 4 ) .
The drug therapy  which was admin is te red in 14 inc idents  (Table 9) 
consisted of  p aren tera l  a n t i b i o t i c s  fo r  a t  l e a s t  3 days,  O x y t e t r a c y c l i ne 
was given alone in 7 inc ide n ts  and toge ther  w i th  p e n i c i l l i n  and 
dihydrostreptomycin  in another 4 outbreaks .  Betamethasone was a lso  given  
t o  several  animals in 2 outbreaks (1 ,3 )  and e tam phyl l ine  camsylate  
(Mi 11ophy l1 i ne ; Dales Pharmaceut ica ls  L t d . ,  Y o rks h i re ,  UK) was used in 
outbreak  7. The c l i n i c a l  response as determined by the farmer and 
general  p r a c t i t i o n e r  was said to  have been v a r i a b l e  (5 i n c id e n t s ) ,  poor 
(4 in c id e n t s ) ,  good (3 inc iden ts )  and f a i r  (2 i n c id e n t s ) .
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&F I GURE 12. A close up of a case from outbreak 3 ju s t  p r io r  to  
death,  with severe r e sp i ra to ry  d is t r e s s .  Note the amount of  f ro th  
in the g u t te r .
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FIGURE 13 . The p o s te r io r  aspect of the udder of a cow from 
outbreak 8 showing pustu lar  les ions .
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TABLE 9 ° The re g im e  o f  d r u g  t h e r a p y  and t h e  c l i n i c a l  r e s p o n s e  i n  15
o u t b r e a k s  o f  i n f e c t i o u s  b o v i n e  r h l n o t r a c h e i t i s .
OUTBREAK
NUMBER
DRUG THERAPY 
ANTIBIOTIC OTHER DRUGS
CLINICAL
RESPONSE
1 ox y te t rac y c l  i ne 
p e n i c i l l i n  and 
di hydrostreptomyci n
betamethasone v a r i a b l e
2 o x yte t  r a c y c l i  ne 
p e n i c i 1 1 i n and 
d i hydrostreptomyc i n
poor
3 o x y t e t r a c y c l i  ne 
pen ic i  11 In and 
d i hydrost reptomyc i n
betamethasone v a r i a b l e
4 o x y te t racy c l  i ne 
pen ic i  11 in and 
d i hydrostreptomyci n
poor
5 o x y te t rac y c l  i ne 
p e n i c i 11 i n
good
6 o x y t e t r a c y c l 1 ne fa i r
7 o x y te t rac y c l  i ne etami p h y l1 i ne 
camsylate
var i able
8 o x y t e t r a c y c l i  ne poor
9 none given
10 o x y te t rac y c l  i ne fa  i r
11 o x y te t  racycl  i ne good
12 c h i o r t e t r a c y c l i ne good
13 o x y t e t r a c y c l i  ne v a r i a b l e
14 o x y t e t r a c y c l i  ne v a r i a b l e
15 p e n i c i 11 in poor
betamethasone 
c h i o r t e t r a c y c l i  ne 
e ta m ip h y l1 i ne camsylate
Betsolan : G laxovet ,  Middlesex.  
Chloromycetin : Parke Davis,  Gwent.
-  MI 11o p h y l l in e  : Dales Pharmaceut ica ls ,  
Yorksh i re .
Terramycin : P f i z e r ,  Kent,ox y te t rac y c l  I ne 
p e n i c i 11 in
p e n i c i l l i n  and d ihydrostreptomycin  -  Streptopen: G laxovet ,  Middlesex
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M o rb id i ty  and m o r t a l i t y  ra tes
There was cons iderab le  v a r i a t i o n  in the m o rb id i ty  r a t e ,  from 
10 per cent in outbreak 9 to 100 per cent in outbreaks 1 ,3  ’and 7 
(F igure 1 5 ) .  In 9 Inc iden ts  more than 90 per cent of  the animals at  r i s k
were seen to  be a f f e c t e d .
The m o r t a l i t y  r a te  v a r ie d  from zero in Inc idents  5 ,6 ,9 ,1 1  to  
8 per cent in in c id en t  7 (F igure 1 6 ) .  In 6 o f  the 11 in c id e n ts ,  only  a 
s in g le  animal died but ,  in inc iden t  2, 19 o f  the 280 animals a t  r i s k  died  
or were slaughtered in ex t rem is .
F inanc ia l  loss
A breakdown o f  the est imated  cost sustained in each outbreak is 
presented in Table 10. These losses were considered under 3 headings:  
f i r s t l y ,  the market va lue  of  f a t a l  and c u l le d  cases,  secondly,  the feeding  
costs f o r  the period when f a t t e n i n g  beef c a t t l e  did not put on w e ig h t ,  and 
t h i r d l y ,  the remaining costs which included treatment and the value o f  
lo s t  m i lk  production .  On 8 o f  the 10 beef u n i ts ,  t o t a l  losses exceeded 
£1 ,000  w i th  those on farms 2 and 3 being p a r t i c u l a r l y  d ramat ic ,  £20 ,000  
and £10 ,000 r e s p e c t i v e l y .  The cost per beef animal at  r i s k  a lso v a r ie d  
markedly ranging from £71 on farm 2 to  £6 on farm 12. The average cost
per beef f a t t e n i n g  u n i t  was £5 ,600  or £36 per animal a t  r i s k .  In 
co n tra s t  the losses on the d a i ry  farms were much less averaging only  
£800 per inc iden t  or £6 per animal at  r i s k .
The o v e r a l l  cost of  feeding the beef c a t t l e  fo r  several  
a d d i t io n a l  weeks represented 67 per cent of  the t o t a l  cost of IBR on 
these u n i t s ,  w h i le  the value  o f  animals lo s t  was only 23 per cent of  the  
t o t a l .  None of the d a i ry  farmers apport ioned any cost to  the need fo r  
e x t r a  feeding and t h e i r  losses were d iv ided  almost e q u a l ly  between deaths 
and c u l l s  (53%) and o ther  costs (47%), However; on farms 5 ,8  and 11,  
the o ther  costs inc lud ing  the value  of  m i lk  u n a v a i la b le  fo r  sale were more 
than tw ice  those from animal losses.
Epidemiologica l  fea tures
C l i n i c a l  signs developed in 13 o f  these inc iden ts  w i t h i n  4 
weeks o f  animals being purchased. In the remaining 2 in c id e n ts ,  a bu l l  
and s in g le  suckled calves  ( in c id e n t  9) had been bought- in  several  months 
before  the onset of  c l i n i c a l  s igns.
Eleven o f  the 15 inc iden ts  occurred in beef animals and 4 in 
d a i r y  c a t t l e  (Table 1 1 ) .  Ten o f  the 11 inc idents  in beef c a t t l e  involved
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f a t t e n i n g  animals which were loose-housed e i t h e r  in straw yard (6 inc idents )  
or on s la t s  (4 inc idents )  (F igure 1 7 ) .  These animals were fed hay and/or  
s i l a g e  toge ther  w i th  a r o l l e d  bar ley -based concentrate  m ix tu re .  Hammer- 
m i l le d  b a r le y  was the basis of  the r a t i o n  given to  the animals in 
inc idents  2 and 13. The beef cow a f f e c t e d  in inc iden t  9 was at  g rass .
Of the 4 inc idents  invo lv ing  d a i r y  c a t t l e ,  2 occurred in animals t i e d  by 
the  neck in byres and, in the o ther  2,  the animals were loose-housed in 
c u b ic le s .  The cows were fed hay and/or  s i l a g e  as well  as a commercial 
high p ro te in  concentra te .
Fourteen outbreaks occurred during  the w in te r -hous ing  per iod  
w h i le  the f i f t e e n t h  occurred at  the beginning of June (F igure  18) . The 
geographical  d i s t r i b u t i o n  of  these inc idents  is presented in Figure  19.
The outbreaks were w id e ly  d i s t r i b u t e d  throughout Scotland (Highland  
region -  1 outbreak ,  Grampian region - 2 outbreaks,  Centra l  region -  2 
outbreaks,  S t ra th c ly d e  region -  6 outbreaks,  Dumfries and Galloway - 
2 outbreaks) and northern England (Cumbria -  1 outbreak,  Yorkshire  -  1 
o u t b r e a k ) .
Vi rus i sol a t  ion
At the t ime o f  the f i r s t  farm v i s i t ,  nasal and/or  ocu lar  swabs 
were taken from several  animals in 11 inc idents  (Table 1 2 ) .  The v i rus  
was is o la te d  from nasal swabs from a t  le a s t  one animal in every inc iden t  
and from 42 of  the 56 nasal swabs examined (75%), The v i ru s  was 
i s o la te d  from only  3 of  the 5 inc iden ts  from which o cu la r  swabs were 
taken and, in t o t a l ,  from 5 of  the 9 swabs examined (56%).
V irus  was is o la te d  from nasal and/or  ocular  swabs taken from 
in d iv id u a l  cases admit ted from 2 of  the 4 inc idents  from which they were 
not obta ined a t  the t ime o f  the farm v i s i t .
Sero log ica l  examination
f Paired sera were examined from inc idents  6 ,10 ,11  and 12 only
(Table 1 3 ) .  A t o t a l  o f  113 pa ired  sera were examined from inc idents  6,
11 and 12. At a f i r s t  examinat ion ,  an t ibod ies  were present in only  18 
samples (16%) whereas,  a t  a second examinat ion ,  the number of  p o s i t i v e  
sera had increased to  96 (85%). This d i f f e r e n c e  was s t a t i s t i c a l l y  very  
h ig h ly  s i g n i f i c a n t  (p < 0 . 0 0 1 ) .  Since the t i t r e s  o f  the pa i red  sera 
from outbreak 10 were higher a t  the f i r s t  examination (acute phase) than  
a t  the second (convalescent phase),  they were not included w i t h i n  Table  
13.
fi9
«FIGURE 17 . The form of  husbandry and type of  animal under 
which in fec t ious  bovine r h in o t r a c h e i t i s  has commonly been 
encountered.
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FIGURE 1 9 . The g e o g r a p h i c a l  d i s t r i b u t i o n  o f  t h e  15 i n c i d e n t s
o f  i n f e c t i o u s  b o v i n e  r h i n o t r a c h e i t i s ,
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TABLE 1 3 . The r e s u l t s  o f  t h e  serum n e u t r a l i s a t i o n  t e s t  f o r  t h e
e x a m i n a t i o n  o f  a n t i b o d i e s  i n  p a i r e d  s e r a  f r o m  4  o f  t h e  15
i n c i d e n t s  o f  i n f e c t i o u s  b o v i n e  r h i n o t r a c h e i t i s ,
OUTBREAK NO.
FIRST EXAMINATION SECOND EXAM! NATION
No. 
Sampl ed
Noo
P o s i t iv e  (%)
No. 
Pos i t i v e (%)
6 16 4 14
11 51 6 42
12 46 8 40
TOTAL 113 18 (16) 96 (85)
10 3 34 (1 00) 3 (100)
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Sera from animals se lec ted  a t  random during the convalescent  
phase were a v a i l a b l e  from 13 inc idents  (Table 1 4 ) .  There was a wide 
range in the proport ion  o f  animals in which a n t ibod ies  were present,  
from 7 per cent tn outbreak 8 to 100 per cent in outbreaks 3 and 10,  
A nt ibod ies  were present in 236 of  the 484 samples examined (49%). Serum 
antibody t i t r e s  were est imated in 12 inc iden ts  and in every one the mean 
t i t r e  was equal to or g re a t e r  than 1 0 ,0 ;  the highest  was 2 6 .4  in outbreak  
9,  The mean t i t r e  o f  the 236 p o s i t i v e  sera was 15 .2 .  The d i s t r i b u t i o n  
o f  the t i t r e s  o f  the ind iv id u a l  p o s i t i v e  sera is shown in Figure 20.
Post-mortem examination
One or more animals from 9 o f  the 15 inc idents  were a v a i l a b l e  
fo r  post-mortem examinat ion and the re le v a n t  f in d in g s  are  summarised in 
Table 15. When more than a s in g le  animal was examined from an outbreak,  
the s i g n i f i c a n t  f in d in g s  from each case have been Included in the t a b l e .
Numerous petech ia l  haemorrhages were found in the nasal mucosae 
(F igure  21) and in o ther  organs (h e a r t ,  l i v e r ,  spleen,  kidneys,  bladder)  
o f  both animals admitted from in c id en t  8. A few haemorrhages were a lso  
present in the tu r b in a te s  and/or  nasal pharynx o f  animals from inc idents  
1 ,3 and 13.
A moderate to  severe r h i n i t i s  was present in cases from 8 o f  the
10 in c id e n ts .  This was c h a ra c te r is e d  by necrosis of  nasal mucosae which
was covered by a t h i c k  ye l low ish -brown ,  d i p h t h e r i t i c  pseudomembrane,
A moderately severe p h a ry n g i t is  and severe l a r y n g i t i s  were 
present in 6 and 7 inc iden ts  r e s p e c t i v e l y .  In 5 in c id en ts  ( 1 , 2 , 3 , 4 , 7 ) ,  
th e re  was a severe o b s t r u c t i v e  n e c r o t is in g  1aryngotracheobronch i t is  
(F igure 2 2 ) .  The mucous membranes of  the la ry n x ,  e p i g l o t t i s ,  trachea  
and major bronchi were covered by a t h i c k  y e l low  d i p h t h e r i t i c  exudate.  
Beneath th is  exudate,  the surface  appeared congested,  haemorrhagic and 
even granu lar  in some cases.  Widespread petechia l  and echymotic 
haemorrhages were seen in the t rachea l  mucosa o f  both animals from 
In c id e n t  8 (F igure 2 3 ) .  The trachea o f  recover ing severe c l i n i c a l  cases 
from inc iden t  10 showed marked oedema and congestion w i th o u t  evidence of  
n e c r o t ic  m a t e r i a l ,  al though some f r o t h y  exudate was ev iden t  (F igure 2 4 ) .
A moderate to  severe exudat ive  pneumonia was present in the
a n t e r i o r  and v en t ra l  segments o f  both lungs in a l l  9 outbreaks.
F ibr inous  p le u r is y  was present In 4 inc ide n ts  ( 1 ,3 ,1 0 ,1 3 )  and, in 
in c ide n ts  3 and 10,  l a rg e  thrombi were seen in the major pulmonary vessels  
(F igure  2 5 ) .
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FIGURE 21 . Sagïtal  section o f  a da iry  cow head from
outbreak 8. There is marked congestion of  conchae and
nasopharynx with  widespread petechial  haemorrhages.
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FIGURE 22 . Larynx and a n t e r io r  port ion of the trachea from
outbreak 3. The mucous membranes of the larynx and a n te r io r
port ion  of the trachea are covered by necrot ic  debris which is 
c o n tr ibu t ing  to the obstruct ion  of  the larynx.
76
FIGURE 23 . A section of  trachea from a cow in outbreak 8 
Marked widespread petechial  and ecchymotic haemorrhages can 
be seen.
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FIGURE 2k. Trachea from a recovering severe c l i n i c a l  case 
from outbreak 10. Note the mucous membrane is severely  
oedematous and congested wi thout evidence of necro t ic  m a t e r i a l , 
although some f ro thy  mucous exudate is present.
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FIGURE 2 5 . Lungs from outbreak 10. A cross-sect ion  of  the 
a n t e r io r  segment of  the caudal lobe of the r ig h t  lung with  a 
severe suppurative pneumonia and large  mass of necro t ic  
pulmonary t issue  probably re s u l t in g  from I n f a r c t io n ;  note 
the thrombus ( A  ) in a large  pulmonary ve in .
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Extens ive renal  i n f a r c t i o n  was present in in c ide n ts  1 , 2 , 3 , 1 0 , 1 2  
and 13 (F igure 2 6 ) .  Haemorrhagic u lcers  were seen in the abomasum of  
animals o r i g i n a t i n g  from 4 inc ide n ts  ( 1 , 2 , 3 , 4 ) .  A b norm a l i t ies  were not 
detected  in the b r a in .
On microscopic examination,  in v i r t u a l l y  every  case the re  was an 
acute n e c ro t is in g  r h i n i t i s  w i th  hy perp las ia  and necros is  o f  the e p i th e l iu m  
which was i n f i l t r a t e d  by n e u t ro p h i ls  (F igure  2 7 ) .  S u b e p i t h e l î a l 1 y , in 
the nasal mucosa there  were numerous lymphocytes and n e u t r o p h i l s .  The 
pharynx was i n f i l t r a t e d  by lymphocytes which formed d i s c r e t e ,  germinal  
c e n t r e - l i k e  areas s u b e p i t h e l I a l 1 y (F igure  28) ,  Severe l a r y n g i t i s  and 
t r a c h e i t i s  w i th  congestion and n e u t r o p h i l i c  i n f i l t r a t i o n  of  the lamina  
p ropr ia  was a fe a tu r e  of  most o f  these cases (Figure 2 9 ) .  The submucosal 
glands were markedly d i l a t e d  w i th  d is ru p t io n  causing pools o f  mucus to  
accumulate in the lamina propr ia  (Figures 29 and 3 0 ) ,  An acute exudat ive  
i n t e r s t i t i a l  pneumonia c h ara c te r is e d  by extens ive  i n t e r s t i t i a l  d i l a t a t i o n  
w ith  f i b r i n  plugs and c e l l u l a r  i n f i l t r a t i o n  was observed in inc idents  1 
and 2 (F igure 3 1 ) .  In most a reas ,  th e re  was much a irway plugging by
n e c r o t ic  d e b r is ,  some o f  which appeared to  be o rg a n is in g .  There was 
b r o n c h i t i s ,  b r o n c h i o l i t i s  and a l v e o l i t i s  w i th  macrophages and n e u t r o p h i ls '  
as the dominant c e l l  types.  The a lv e o l a r  w a l ls  were thickened as a
r e s u l t  of  oedema and c e l l u l a r  i n f i l t r a t e .
G en era l ly ,  the kidneys and l i v e r  were congested and i n f i l t r a t e d
by n e u t r o p h i ls .
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rFIGURE 26. K idney from ou tb re ak  2. Pale i n f a r c t s  are 
presen t  in  some 1obu les  as w e l l  as more recen t  red i n f a r c t s
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FIGURE 27. Nasal conchae o f  a case f rom o u tb re a k  1.
Areas o f  n e c r o s is  In the  e p i t h e l i u m  as w e l l  as i n f i l t r a t i o n  
by n e u t r o p h i l s  and lymphocytes  can be seen. HE X/+Q
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&FIGURE 28. A s e c t i o n  o f  pharynx f rom a case in o u tb reak  
There is  marked accu m u la t io n  o f  lymphocytes s u b e p i t h e l t a l l y  
fo rm in g  d i s c r e t e  germinal  c e n t r e - l i k e  areas and lo ss  o f  
e p i t h e l i u m  f rom most o f  the s u r f a c e .  HE XLO
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FIGURE 29. Trachea f rom Case 98 f rom ou tb re a k  1 w i t h  severe 
t r a c h e i t i s ,  co ng e s t ion  and n e u t r o p h i l i c  i n f i l t r a t i o n  o f  the 
lamina p r o p r i a .  The submucosal g lands are  s e v e r e ly  d i l a t e d  
w i t h  d i s r u p t i o n  caus ing poo ls o f  mucus to  accumulate in the 
lamina p r o p r i a .  HE X 40
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ên
FIGURE 30. S ec t io n  o f  the t rachea o f  Case 98 f rom o u tb re ak  
s p e c i f i c a l l y  s ta i n e d  f o r  mucus g l y c o p r o t e i n s .  The submucosal 
g lands a re  s e v e r e ly  d i l a t e d ,  f i l l e d  w i t h  mucus and poo ls  ( a  ) 
a re  recogn ised  In the  lamina p r o p r i a .  A l c i a n  b l u e / P e r i o d i c  
A c i d - S c h i f f  X 30.
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FIGURE 31. Lung f rom Case 98 from ou tb reak  1 w i t h  severe 
e x ud a t i v e  pneumonia. There is  co nge s t ion  and oedema in the 
a l v e o l i  w i t h  p lu g g in g  o f  b ro n c h io le s  by in f lam m a to ry  c e l l s  and 
t h e i r  d e b r i s .  HE X40
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DISCUSSION
P r io r  to  the development o f  severe IBR, r e s p i r a t o r y  d isorders  
were not commonly encountered on any of  these 15 farms a lthough pneumonia 
in young housed calves and t r a n s i t  fe v e r  in beef c a t t l e  had been diagnosed 
s p o r a d ic a l l y  on a few farms in previous years .  T r a n s i t  fe ver  is the name 
given to  an acute r e s p i r a t o r y  disease which a f f e c t s  re c e n t l y  purchased 
f a t t e n i n g  c a t t l e  in the autumn and w in te r  (Hepburn, 1925; Anderson, 1939; 
P ic k e r in g ,  1939).  Since many inc idents  of  severe IBR involved re c e n t ly  
purchased c a t t l e ,  i t  was not unexpected th a t  the term " t r a n s i t  f e v e r "  was 
used to  descr ibe t h is  syndrome which was recognised w i th  increasing  
frequency during the w in te r  of  1977-78 ,  However, i t  soon became obvious 
th a t  t r a n s i t  fever  and the "new" r e s p i r a t o r y  syndrome were d i f f e r e n t ;  
the c l i n i c a l  signs of  t r a n s i t  fev er  were those of  a severe exudative  
pneumonia whereas those o f  the "new r e s p i r a t o r y  syndrome" were confined  
main ly  to the upper r e s p i r a t o r y  t r a c t  and eyes.  The d i f f e r e n c e  between 
the two condi t ions  was p a r t i c u l a r l y  obvious in inc ident  1, which has been 
described in d e t a i l .  A s in g le  b u l lo ck  became very d u l l ,  an o rex ic ,  p y re x ic ,  
tachypnoeic w i th  a d v e n t i t io u s  lung sounds. A diagnosis  o f  t r a n s i t  fe v e r  
was made and there was a slow, but d e f i n i t e ,  c l i n i c a l  response to  
a n t i b i o t i c  th erapy .  In marked c o n t r a s t ,  the c o n d i t ion  which arose l a t e r  
in another  group o f  re c e n t ly  purchased c a t t l e  i n i t i a l l y  a f f e c t e d  several  
o f  those a t  r i s k ;  they were s l i g h t l y  d u l l ,  had a reduced a p p e t i t e ,  profuse  
ocular  and nasal discharge but no evidence o f  pneumonia.
A b i l a t e r a l  serous nasal discharge was common in every inc iden t  
during the i n i t i a l  stages o f  the d isease ,  but i t  was d i f f i c u l t  to  
a p p rec ia te  f u l l y  the number of  animals a f f e c t e d  since many a f f e c t e d  
in d iv id u a ls  were seen to  be c o n s ta n t ly  l i c k i n g  t h e i r  noses. However, as 
the disease progressed the discharge became mucoid and, in severe ly  
a f f e c t e d  or p ro t ra c te d  cases,  a b i l a t e r a l  mucopurulent discharge v/as o f te n  
seen. Cracking and u l c e r a t i o n  o f  the muzzle as was reported in the 
o r i g i n a l  d e s c r ip t io n s  o f  "red nose" in the United Sta tes  of  America 
( M i l l e r ,  1955) were never observed even in p ro t ra c te d  cases.  On close  
examinat ion of  the nares however, the re  was u s u a l ly  obvious congestion of  
th e  nasal mucosa and ye l low ish -brown,  d i p h t h e r i t i c  plaques were o f te n  
seen on the v e n t ra l  and l a t e r a l  aspects of  the nasal passages.  In such 
cases,  the f o e t i d  smell c h a r a c t e r i s t i c a l l y  associated w i th  a n e c ro t is in g  
secondary in f e c t i o n  was o f t e n  p resen t .  However, in one o f  the two cases 
admit ted from outbreak 1 a sweetish unpleasant odour was d e te c ted .  In 
t h i s  case,  i t  is  possib le  t h a t  the p e c u l i a r  smell had re s u l te d  from the
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profuse growth o f  A lc a l ig e n e s  faecal  ! s which has been s ta ted  to  produce 
a " s t r a w b e r r y - l i k e  s m e l l " (Holding and Shewan, 1974) ,
An increase  in the frequency of coughing was one .of  the 
commonest e a r l y  signs o f  d isease.  The type of  coughing was said by many 
farmers to  suggest t h a t  a f f e c t e d  c a t t l e  "were t r y i n g  to  c le a r  t h e i r  
t h r o a t s " .  Although coughing was f re q u e n t ,  only s in g le  coughs were heard;  
paroxysms o f  coughing such as occur in p a r a s i t i c  b r o n c h i t is  or severe  
c a l f  pneumonia, were not repor ted .
C l i n i c a l  signs i n d i c a t i v e  of  pneumonia were not observed in 
the e a r l y  stages of  any o f  these outbreaks but in severe or prolonged 
cases admitted to  the Glasgow V e t e r in a r y  School, pneumonia was in v a r i a b ly  
p r e s e n t .a t  necropsy.  Although rhonchi and crack les  were heard c r a n io -  
v e n t r a l l y  in 2 animals ,  the r e s p i r a t i o n s  were so harsh as to  make i t  very  
d i f f i c u l t  to  decide whether the noises were in fa c t  a d v e n t i t io u s  lung 
sounds or were r e fe r r e d  from the t rac h ea .
Another common presenting  sign and one which was observed in 13 
o f  the 15 inc idents  was a profuse,  o f te n  b i l a t e r a l ,  serous ocular  discharge.  
In some animals t h i s  p e rs is te d  fo r  several  days r e s u l t i n g  in the h a i r  of  
the cheeks becoming matted and remaining so fo r  a considerab le  time  
a f te rw a rd s .  The cause of the lachrymat ion was a moderate to  severe 
c o n j u n c t i v i t i s  and in a few o f  the s e ve re ly  a f fe c te d  cases,  the re  v/as 
obvious con ju n ct iva l  oedema. N e i th e r  spontaneous avers ion  of  the  
oedematous con junct iva  nor punctate  haemorrhages as described by Dawson 
and h is  col leagues (1962) were observed. Whi le  c o n j u n c t i v i t i s  was not 
the only  sign of  i n f e c t i o n  in any of  these outbreaks,  Imray (1979a) has 
reported  th a t  in a few In c ide n ts  in the present epidemic c o n j u n c t i v i t i s  
was the only c l i n i c a l  abnorm al i ty  d e te c ted .  This agrees wi th  previous  
observat ions  (Ablnanti  and Plumer, 1961; Timoney and O'Connor,  1971) .
One or  two s evere ly  a f f e c t e d  animals on two farms had marked 
congestion o f  t h e i r  s c le ra l  blood vessels  and a lso  small 1-2mm 
s u b e p i t h e l i a 1 g ra n u la r  l e s io n s .  Two calves  e x p e r im e n ta l ly  In fe c ted  
w i th  IBR a ls o  developed s i m i l a r  les ions  (Chapter 5 ) .
Only on 1 o f  the 11 farms on which IBK was present was there  
said  to  have been a sudden increase  in the number of nev/ cases 
c o in c id e n ta l  w i th  the development of  IBR, Previous workers have a ls o  
noted an a s s o c ia t io n  between IBR and IBK (Hughes and o th e rs ,  1964;
S t .  George, 1965) and evidence of a s y n e r g is t i c  e f f e c t  between t h i s  v i r u s  
and Moroxel1 a bovIs has been demonstrated e x p e r im e n ta l ly  (Pugh, Hughes
and Packer,  1970 ) .  ^  ^
Drool ing of  s a l i v a  was a ls o  observed in 13 inc idents  and th is  
appeared to  be most common in animals which became i l l  a t  the beginning o f  
an in c id e n t .  This u s u a l ly  consisted of  f a i r l y  constant d r i b b l in g  which 
caused the ha i rs  on the lower jaw to  become wet .  However, the  
s a l i v a t i o n  was so profuse in outbreak  12 th a t  the p r a c t i t i o n e r  who f i r s t  
examined these cases considered s e r io u s ly  the p o s s i b i l i t y  o f  fo o t  and 
mouth d isease.  During the i n i t i a l  stages o f  the d isease,  the water  in 
the troughs was o f ten  seen to be covered w i th  copious amounts of  s a l i v a  
and nasal d ischarge .  Excessive s a l i v a t i o n ,  as t h i s  is u s u a l ly  termed,  
has p re v io u s ly  been observed in f i e l d  cases in North America ( M i l l e r ,  1955;  
McKercher,  1959; C u r t i s  and o th e r s ,  1966) and a lso  fo l lo w in g  exper imental  
i n f e c t i o n  wi th  t h i s  s t r a i n  (S t r ic h e n ,  Chapter 5) as well  as o ther  s t r a in s  
of  v i r u s .  Although there  may very  well  have been an increased s e c re t io n  
o f  s a l i v a  from the submucosal pharyngeal glands,  almost a l l  cases examined 
a t  necropsy had a severe n e c r o t is in g  p h a r y n g i t i s .  Consequently,  the  
d roo l ing  o f  s a l iv a  probably re s u l te d  more from an unwi l l ingness  or 
i n a b i l i t y  to  swallow the normal production of  s a l iv a  since i t  is secreted  
c o n t i n u a l l y  in c a t t l e  (Coats,  Denton, Coding and W r ig h t ,  1956).  This 
deduction would appear to  be s u b s ta n t ia te d  by the observation  th a t  week-old  
calves  s u f f e r in g  from IBR had d i f f i c u l t y  in swallowing since m i lk  was 
observed coming down t h e i r  n o s t r i l s  w h i le  feeding (Baker and o th e rs ,  I 9 6 0 ) .  
Th e i r  b reath ing  a ls o  became no isy ,  app aren t ly  due to oedema in the laryngeal  
reg io n .  In the c urren t  ep idemic,  severe ly  a f f e c t e d  in d iv id u a ls  which were 
f r e q u e n t ly  admitted as chronic  or te rminal  cases,  were mouth-breathing w i th  
l a rg e  amounts of  f r o t h  around t h e i r  mouths. In these cases,  dyspnoea was 
due to  la rg e  amounts of  n e c r o t ic  debr is  which had caused a considerable  
degree o f  o b s t ru c t io n  of  the la ry n x  and nasal passages. The charac te r  
of mouth-breath ing was p e c u l ia r  in th a t  a f f e c t e d  animals breathed in 
through t h e i r  mouths but out through t h e i r  noses; th is  too confirmed the  
almost t o t a l  o b s t ru c t io n  of  the upper r e s p i r a t o r y  t r a c t .
Although ora l  l es io n s  were not found e i t h e r  c l i n i c a l l y  or a t  
necropsy, a reduct ion  in a p p e t i t e  was apparent in every i n c id e n t .  On 4 
farms, the animals r e je c te d  hay and /o r  s i l a g e  w h i le  cont inu ing  to eat  
conce ntra tes .  This  would suggest t h a t  roughage was pa in fu l  to  chew 
and/or  swallow. On the o ther  hand, the owner of  farm 13 said th a t  his  
c a t t l e  a te  t h e i r  hay but l e f t  t h e i r  concentra tes ,
in outbreaks 2 and 13, the farmers reported  t h a t  several  
animals had been found dead a f t e r  being obv iously  only  i l l  fo r  2 or 3 days.  
U n f o r tu n a te ly ,  none o f  these s o - c a l l e d  "sudden deaths" were examined a t
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the V e t e r in a r y  School. However, the case admitted from outbreak 7 died  
as i t  was being unloaded and, a t  necropsy,  i t s  la rynx  was found to  be 
almost t o t a l l y  occluded w i th  n e c r o t ic  d e b r is .  T h e re fo re ,  i t  is h igh ly  
l i k e l y  th a t  many, i f  not a l l ,  of  these in d iv id u a ls  which were found dead 
a f t e r  a short  i l l n e s s ,  had died as a r e s u l t  o f  widespread severe  
o b s t ru c t io n  of  the upper r e s p i r a t o r y  t r a c t .  Support fo r  t h i s  hypothesis  
was apparent when dyspnoeic animals were observed; such cases o f t e n  had 
i n s p i r a t o r y  dyspnoea.
On the 4 farms on which abor t ions  occurred,  i t  was never  
confirmed t h a t  IBR had been resp o n s ib le .  Never the less ,  IBR v i ru s  
i n f e c t i o n  was blamed fo r  6 cows a b o r t in g  on farm 4 even though c l i n i c a l  
signs of  r e s p i r a t o r y  disease were never seen in any of  the i n - c a l f  cows 
and the v i ru s  was not i s o la te d  from any o f  the 6 foe tuses .  in outbreak  
8, i t  was noticed th a t  several  calved h e i f e r s  returned to  the bul l  a few 
weeks a f t e r  t h e i r  f i r s t  s e r v ic e .  This problem had not occurred before  
the 1BR inc ide n t  and has not recurred since and so the farmer is of  the  
opin ion th a t  t h i s  temporary decrease in conception ra te  was a m a n i fe s ta t io n  
o f  the IBR i n f e c t i o n .  The dramat ic  reduct ion  in conception r a te  which 
occurred in outbreak 5 immediately the c l i n i c a l  signs o f  IBR had subsided,  
was l a t e r  confirmed as being due to  V i b r i o  fe tus  i n f e c t i o n .
An increase  in the m o r t a l i t y  r a t e  of  young calves  as has been 
reported by Van Kruîn ingen and o th e rs ,  1964 and by Lomba and o th e rs ,
1973,  did not occur on any o f  the 5 farms during the t ime when iBR was 
p re va len t  in the cows. However, in outbreak 5, there  was said to  have 
been an increase in the frequency of coughing in the calves  and a ls o  in 
the number t r e a te d  f o r  " v i ru s  pneumonia". In fe c t io u s  bovine  
t r a c h e i t i s  v i ru s  was i s o la te d  from nasal and ocu lar  swabs taken from 2 
calves  w i th  ty p ic a l  c l i n i c a l  s igns.  U n f o r tu n a te ly ,  when one died a f t e r  
a l l e g e d l y  becoming b l i n d ,  a post-mortem examination was not undertaken.
I t  is possib le  th a t  the l a s t  mentioned c a l f  had died fo l lo w in g  an IBR- 
induced e n c e p h a l i t i s .  This syndrome has yet to  be confirmed in B r i t a i n  
although i t  has been wel l  documented in A u s t r a l i a  (Johnstone and o th e rs ,  
1962) and in North America (Reed and o th e rs ,  1973).
D iarrhoea ,  which has been reported in previous inc idents  
( M i l l e r ,  1955; Van Krui ni ngen, 1964) was observed in a fev/ i n d iv id u a ls  but 
in none o f  these was th e re  d e f i n i t e  evidence t h a t  t h i s  was any more than  
a co incidence.  Abomasal u l c e r a t i o n  may have been p a r t i a l l y  responsib le  
f o r  the d iarrhoea  although the only  animal examined a t  necropsy which had 
s i g n i f i c a n t  abomasal les ions  was not d i a r r h o e i c .
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There was no c o n f i r m a t o r y  ev idence t h a t  d e r m a t i t i s  had r e s u l t e d  
from i n f e c t i o n  w i th  iBR v i r u s  a l though p e c u l i a r  c i r c u l a r  sk in  l e s io n s  were  
seen on the p o s t e r i o r  aspect o f  the udder o f  one cow. The exac t  cause o f  
‘ th ese  le s io n s  was never dete rmined and a t tempts  to  i s o l a t e  the IBR v i r u s  
from sk in  scrapings were not s u c c e s s fu l .
In common w i t h  the v as t  m a j o r i t y  o f  o th e r  w o rke rs ,  iPV were not
observed in any o f  the an imals  c l i n i c a l l y  a f f e c t e d  w i t h  IBR. In a d d i t i o n ,  
t h e r e  was no h i s t o r y  o f  any female  having shown t y p i c a l  c l i n i c a l  signs o f
IPV p r i o r  t o ,  or f o l l o w i n g ,  our farm v i s i t s .  However,  t h i s  syndrome had
been confirmed 4 to  5 years  p r e v io u s ly  on farm 5 and, a t  t h a t  t im e ,  c l i n i c a l  
evidence o f  r e s p i r a t o r y  involvement was not observed, '
. A course o f  a n t i b i o t i c  th e ra p y  was g iven to  s ic k  animals  in 14 
outbreaks  bu t ,  o v e r a l l ,  the c l i n i c a l  response was v a r i a b l e .  This  v/as not  
e n t i r e l y  unexpected s ince  a n t i b i o t i c s  do not reduce the s e v e r i t y  o f  a 
pr im ary  v i r a l  i n f e c t i o n .  However, i t  has been s ta te d  t h a t ,  in many 
in s ta n c e s ,  severe c l i n i c a l  signs a re  the r e s u l t  o f  secondary b a c t e r i a l  
i n f e c t i o n s  (McKercher and o t h e r s ,  1957; C u r t i s  and o t h e r s ,  1 9 6 6 ) .
T h e r e f o r e ,  the apparent f a i l u r e  or  success of  a n t i b i o t i c  t re a tm en t  in an 
i n d i v i d u a l  animal is dependent not o n ly  on the e f f i c a c y  o f  the s p e c i f i c  
drug used, but a ls o  on the  stage o f  the  disease a t  which the t re a tm e n t  is 
g iv en .
C o r t i c o s t e r o i d s  a re  f r e q u e n t l y  g iven  to  young c a t t l e  when a 
d iag n o s is  o f  " v i r u s  pneumonia" has been made. I t  is p o s s ib le  t h a t  the  
a d m i n i s t r a t i o n  o f  betamethasone, which was g iven  t o  severa l  animals  in 
2 o u tb re a k s ,  e xacerba ted  the d isease  because i t  Is v /e l1 known t h a t  drugs 
w i t h  g l u c o c o r t i c o i d  a c t i v i t y  I n h i b i t  the  development o f  immunity,  
p a r t i c u l a r l y  c e l l - m e d i a t e d  immunity.  T h e r e f o r e ,  in c a t t l e  in f e c t e d  w i th  
IBR v i r u s ,  the use o f  such drugs is  c o n t r a in d ic a t e d  because c e l l - m e d i a t e d  
immunity is considered  to  be more important than humoral immunity in  
he rp e s v i ru s  i n f e c t i o n s .
C l i n i c a l  signs were f i r s t  observed on a l l  bar 2 o f  the  farms  
les s  than 4 weeks a f t e r  the  i n t r o d u c t i o n  o f  animals  purchased from a 
m a rke t ,  in one i n c i d e n t ,  a f f e c t e d  i n d i v i d u a l s  had recovered a f t e r  on ly  
1 week w h i l s t ,  in o t h e r s ,  new cases continued t o  a r i s e  f o r  about 8 weeks.  
The average t ime f o r  the  d isease  t o  spread throughout a u n i t  v/as from 
4 - 5  weeks by which t ime almost a l l  the  c a t t l e  a t  r i s k  had been o b v io u s ly  
a f f e c t e d .  The d isease  v/as most severe  in those herds in  which t h e r e  
v/as high tu rn o v e r  of  an im a ls ;  these were u s u a l l y  beef f a t t e n i n g  u n i t s .
Undoubtedly,  the more c a t t l e  there  were housed to g e th e r ,  e s p e c i a l l y  on 
s l a t t e d  f l o o r s ,  the more severe was the c l i n i c a l  syndrome.
On the 2 farms where the m o r t a l i t y  ra te  was h ighest  ( in c id en ts  
3,  1 3 ) ,  a hammer-milled bar ley -based concentra te  r a t io n  was being fed and,  
although molasses had been included to  minimise the d ust iness ,  i t  was 
n o t ic e a b le  th a t  many animals had t h e i r  muzzles and a l l  round t h e i r  mouths 
covered in f i n e l y  powdered c o n ce n tra te .  On close examinat ion of  several  
anima ls ,  p a r t i c l e s  o f  food could be seen adhering to  the nasal mucosa.
There can be l i t t l e  doubt t h a t  t h i s  had c o n t r ib u te d  to the s e v e r i t y  o f  the  
c l i n i c a l  syndrome and probably a lso  to  the high m o r t a l i t y  ra te  on these  
2 u n i t s .
‘ The la rge  c a t t l e  f a t t e n i n g  un i ts  are busiest during the w in te r  
housing pe r io d ,  when t h e i r  c a t t l e  turnover is g r e a t e s t ,  and i t  is a lso  
at  t h i s  t ime t h a t  IBR has been found to  be most p reva len t  and most severe.  
Whi le  animals undoubtedly develop c l i n i c a l  signs of  IBR when kept outs ide  
dur ing the w i n t e r ,  the c l i n i c a l  signs are r e l a t i v e l y  m i ld .  The same Is 
t r u e  in graz ing  animals dur ing the  summer as was seen in outbreak 9.
The e s ta b l is h e d  r e l a t i o n s h i p  between the f a t t e n i n g  of  purchased,  
c a t t l e  and the l i k e l i h o o d  o f  t h e i r  c o n t ra c t in g  IBR exp la ins  the 
geographical  d i s t r i b u t i o n  of  not on ly  the inc idents  descr ibed here but  
a ls o  those reported by Cuthbertson and Wood (1979) and by Imray (1979a).  
Furthermore,  t h i s  f in d in g  a ls o  e xp la in s  why IBR has so f a r  not been 
confirmed in V/ales,  the Inner and Outer Hebr ides,  Orkney or Shetland  
since young c a t t l e  are exported to  be fa t te n e d  elsewhere and v i r t u a l l y  
no young animals are imported.
The v i ru s  of  IBR was is o la te d  from nasal and ocu lar  swabs taken,  
from a f f e c t e d  animals in 13 in c id e n ts .  The frequency of  v i ru s  i s o l a t i o n  
was g re a te r  from nasal than from o cu lar  swabs, t h e r e f o r e ,  the former  
should be recommended fo r  the purposes of  v i ru s  i s o la t i o n  from f i e l d  
outbreaks .  in a d d i t io n  swabs should be taken from several  a f f e c t e d  animals  
since  e x c re t io n  o f  v i ru s  occurs fo r  only  12-14 days p o s t - i n f e c t i o n  
(Chapter 5 ) .  Consequently t h i s  is the reason why the v i r u s  v/as not 
i s o la te d  from several  p ro t ra c te d  cases admitted to  the V e t e r in a r y  School,.  
The v i ru s  is o la te s  induced rounding and ba l loon ing  of  bovine t i s s u e  c u l t u r e ,  
but in c lu s io n  bodies were not seen. The c la s s ic a l  i s o la te s  of  IBR v i r u s  
(Colorado and Oxford) not only  produced a s im i l a r  cytopathogenic  e f f e c t  
but a lso  la rge  Cowdry type A i n t r a n u c le a r  in c lus ion  bodies (Dawson and 
o th e rs ,  1962 ) ,  Although i n t r a n u c le a r  inc lus ion  bodies are  a frequent
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fe a tu r e  o f  BHVl i n f e c t i o n s ,  they are not a constant f in d in g  since some 
North American r e s p i r a t o r y  i s o la t e s  have a ls o  f a i l e d  to show t h i s  
c h a r a c t e r i s t i c  (Madîn and o th e rs ,  1956; York and o th e rs ,  1957) .
Paired serum samples were a v a i l a b l e  from 4 In c ide n ts  and in 3 
of these a s i g n i f i c a n t  number o f  animals se reconverted. The prevalence of  
n e u t r a l i s i n g  a n t ibod ies  o v e ra l l  was 49 per cent and was much higher  in 
f a t t e n i n g  beef c a t t l e  (75%). These values are cons iderab ly  higher  than 
the average found r e c e n t ly  in the s e ro lo g ic a l  survey (Chapter 3 ) .  
Consequently,  f o r  ro u t in e  d ia g n o s t ic  purposes the sampling o f  a 
r e p r e s e n ta t i v e  number o f  animals dur ing the convalescent phase should be 
s u f f i c i e n t  to  confirm recent IBR i n f e c t i o n .
In the animals examined a t  necropsy,  the range of les ions and 
t h e i r  d i s t r i b u t i o n  were b a s i c a l l y  s im i l a r  al though obv iously  there  were 
d i f f e r e n c e s  o f  degree.  Inf lammation of  the upper r e s p i r a t o r y  t r a c t  as 
w el l  as d i f f u s e  d i p h t h e r i t i c  pseudomembrane formation were c h a r a c t e r i s t i c  
of  most o f  the outbreaks .  The y e l lo w is h  n e cro t ic  debr is  was present in 
s u f f i c i e n t  q u a n t i t i e s  to  produce p a r t i a l  to  to t a l  o b s t ru c t io n  of  the nasal 
passages and of the l a ry n x .  I t s  presence during r e s p i r a t i o n  was almost 
c e r t a i n l y  the cause of  the t rachea l  r a t t l e s  which were o c c a s io n a l ly  heard 
on a u s c u l t a t io n .  Although haemorrhages were seen on the e p i th e l iu m  in 
several an imals ,  they were present throughout the body in both animals  
from outbreak 8, The i r  widespread na ture  suggests th a t  a secondary 
sept icaemic  agent,  such as l e p t o s p i r a  species,  had caused these les ions  
although attempts  to i s o la t e  such an agent were unsuccessfu l .
The exudat ive  pneumonia, which was present in every  animal  
examined at  necropsy,  involved t h e . c r a n i a l  lobes and the c r a n i o - v e n t r a 1 
segments of  the caudal lobes.  I n t e r s t i t i a l  emphysema was present in 5 
animals and t h i s  had probably occurred as a r e s u l t  o f  increased a irway  
re s is ta n c e  produced by the severe o b s t r u c t i v e  1a ryn g o t ra c h e o b ro n c h i t is . 
These f in d in g s  are in agreement w i th  the observations  o f  McKercher and 
others  (1957) and C u r t is  and others  (1966 ) .  A f e a tu r e  of  p a r t i c u l a r l y  
se ve re ly  a f f e c t e d  in d iv id u a ls  was thrombosis of  the la rg e  pulmonary 
vessels  which does not appear to  have been reported p re v io u s ly .
In a d d i t io n  to  the r e s p i r a t o r y  t r a c t  l e s io n s ,  renal  i n f a r c t i o n  
was commonly encountered and probably had re su l ted  from emboli from the  
thrombosed pulmonary v e in s .
The most s t r i k i n g  f e a tu r e  o f  the microscopic changes was 
necrosis  of  the e p i th e l iu m ;  in severe cases v i r t u a l l y  the whole of  the
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ep i th e l iu m  o f  the upper r e s p i r a t o r y  t r a c t  had been eroded and had been 
replaced by a y e l lo w ish -g ree n  or ye l low ish-brownish  d i p h t h e r i t i c  
pseudomembrane. These les ions  had almost c e r t a i n l y  caused blockage o f  
the opening o f  the mucosal gland ducts since pools of  mucus were seen 
in the lamina p ro p r ia .  Fur thermore ,  th e re  was obvious severe d i l a t a t i o n  
of  many of the trachea l  sub-mucosal gland tubules and ducts .  In none 
of  these animals were in t r a n u c le a r  in c lu s io n  todies recognised in the  
t issues  examined h i s t o l o g i c a l l y .  This was not unexpected since they  
developed soon a f t e r  i n f e c t io n  and can only  be seen fo r  a r e l a t i v e l y  
short  period o f  approximate ly  up to 60 hours (Grande!1 and o th e rs ,  1959).
E n c e p h a l i t i s ,  l i v e r  necrosis and e n t e r i t i s ,  which have a l l  
been a t t r i b u t e d  to  1BR v i r u s  i n f e c t i o n  (Gibbs and Rweyemamu, 1977),  were 
not de tected .
The recovery of  Mycoplasma bovis from 5 outbreaks may be 
s i g n i f i c a n t  in view o f  the f a i r l y  e x ten s ive  pneumonia present .  This 
organism has a l rea dy  been i s o la te d  from outbreaks of  pneumonia in housed 
calves  in B r i t a i n  (Thomas and o th e rs ,  1975; A l l a n ,  Obi,  Wiseman, Cornwal l ,  
Selman, Msolla and P i r i e ,  1978) .  The s u s c e p t i b i l i t y  o f  these animals to  
M. bov i s in f e c t io n  may very wel l  have been increased as the re s u l t  o f  
i n f e c t i o n  w i th  IBR v i r u s .  The only o the r  recognised pathogens i s o la te d  
were P a s t e u r e l1 a haemoly t  i ca and Streptococcus pneumon1a e , I t  is tempting  
to  speculate  th a t  the b a c t e r ia  and mycoplasma had s i g n i f i c a n t l y  in f luenced  
the s e v e r i t y  o f  the d isease.  However, i t  is perhaps more s i g n i f i c a n t ,  
th a t  recognised pathogens were not is o la te d  from the o ther  animals.
This severe form of  ! BR s e r io u s ly  a f f e c t e d  the leve l  of  
p r o d u c t i v i t y  o f  a f f e c t e d  animals .  I t  was in t e r e s t i n g  to  a s c e r ta in  t h a t ,  
d e s p i te  the r e l a t i v e l y  high number o f  c a s u a l t i e s  inc lud ing  both dead 
animals and c u l l s ,  t h i s  represented only  23 per cent o f  the to t a l  f i n a n c ia l  
loss from these in c id e n ts .  In the beef f a t t e n in g  animals ,  the cost of  
e x t r a  feeding represented 67 per cent o f  the f i n a n c ia l  loss;  t h i s  was by 
f a r  the most expens ive,  s in g le  cost .  The other  expenses,  which included  
the cost of  drugs, trea tment  and the value of  the m i lk  l o s t ,  represented  
only  13 per cent of  the t o t a l  amount. Even though these f ig u r e s  can only  
be regarded as e s t im a te s ,  no al lowance has been made fo r  the amount of  
nervous energy expended by in d iv id u a l  farmers l i v i n g  through an inc ide n t  
o f  severe 1ER. Indeed, one o f  these farmers had to  seek medical advice  
since he was on the verge o f  a nervous breakdown. The a s t ro n o m ic a l ly  
high average cost per inc iden t  (£3 ,840) and the very  high cost per animal
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at  r i s k  (£240) i l l u s t r a t e s  in the c l e a r e s t  possib le  manner the need fo r  
an e f f e c t i v e  contro l  programme f o r  t h i s  d isease.
The c l i n i c a l ,  ep idem io log ica l  and path o log ica l  fe a tu re s  of  
these 15 outbreaks o f  IBR have confirmed th a t  the disease is v i r t u a l l y  
id e n t ic a l  to  th a t  f i r s t  reported in the United Sta tes  o f  America dur ing  
the 1950s ( M i l l e r ,  1955; McKercher and o th e rs ,  1957).
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CHAPTER 3
A SEROLOGICAL SURVEY OF INFECTIOUS BOVINE RH1NQTRACHE1T 1S 
VIRUS INFECTION IN SCOTTISH HERDS
INTRODUCTION
Fol lowing the re c o g n i t io n  o f  c l i n i c a l  IBR (Dawson and o th e rs ,  
1962 ; Derbyshire  and Shanks, 196 3 ) ,  a s ero lo g ica l  survey was undertaken  
to  determine the  occurrence and d i s t r i b u t i o n  of  a n t ib o d ies  to  the v i ru s  
in the United Kingdom (Dawson and Darbyshire ,  1964 ) .  Of 2,000 sera 
obta ined from a b a t t o i r s  (1000) and from suspected inc idents  o f  mucosal 
disease (1000) ,  serum n e u t r a l i s i n g  a n t ib o d ies  to  IBR v i r u s  were detected  
in only 42 (2.1%) samples.  These w^orkers concluded t h a t  i n f e c t i o n  was 
wide-spread throughout the country  a lthough outbreaks o f  c l i n i c a l  d isease  
had not been reported f r e q u e n t l y .
More re c e n t l y  K i rb y ,  M a r t in  and Waring (1978) examined 2368 
sera taken during the b r u c e l lo s is  e r a d ic a t io n  scheme from d a i ry  herds in 
B e rksh ire ,  Buckinghamshire and O xfo rd sh ire .  Using the i n d i r e c t  
haemagglutÎ na t I  on t e s t ,  they found a n t ib o d ies  in 162 (6.8%) sera .
Despi te  considerab le  v a r i a t i o n  in the prevalence of  a n t ib o d ies  between 
these c o u n t ie s ,  again i n f e c t i o n  was not known to  be assoc iated  wi th  
c l i n i c a l  d isease.  I t  can be deduced, t h e r e f o r e ,  from these and o ther  
r e p o r t s ,  th a t  I BR v/as a r e l a t i v e l y  mild and economical ly  unimportant  
r e s p i r a t o r y  d isease,  a l though i n f e c t i o n  was present in many d i f f e r e n t  
par ts  o f  the country .
During the w in te r -h o u s in g  per iod of  1977-78 ,  a severe upper 
r e s p i r a t o r y  disease appeared in B r i t a i n ;  t h i s  was l a t e r  confirmed as 
being IBR (Wiseman, M s o l la ,  Selman, A l l a n ,  Cornwe l l ,  P i r i e  and Imray,  
1978)0  Many such inc iden ts  were confirmed in the Grampian region of  
Scotland (Cuthbertson and Wood, 1979; imray,  1979a) a l though the disease  
has a ls o  occurred in most o f  the o ther  regions (Wiseman, Selman, M s o l la ,  
P i r i e  and A l l a n ,  1979 ) .  Since the nature  o f  the disease had changed 
d r a m a t ic a l l y ,  i t  was decided to  i n v e s t i g a t e ,  in d e t a i l ,  the preva lence  
of  a n t ib o d ie s  to  IBR v i r u s  in Scot land,
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MATERIALS AND METHODS
Herd d e s c r ip t io n
A " s e l f - c o n t a i n e d "  herd has been defined as a herd into which 
purchased animals had not been introduced fo r  several  y ea rs .  A "bought-  
in"  herd has been defined as a herd in to  which purchased animals had 
been introduced r e c e n t l y .
Serum samples
Blood samples were taken from 10 a d u l t  an ima ls ,  se lected  at  
random, from a number of  herds in Scotland,  The blood was c o l le c t e d  
from the  caudal vein in to  v ac u ta în e rs  w i th  no a d d i t i v e  (Becton-DÎ c k inson , 
UK, L t d . ,  England).  The samples were stored overn ight  a t  4°C and, a f t e r  
being spun a t  1300g fo r  30 minutes,  the serum was removed, put in a 
waterbath  a t  56^0 f o r  30 minutes,  l e f t  to  cool and then stored a t  -20^C 
u n t i l  re q u i re d .
In f e c t io u s  bovine r h Î n o t r a c h e i t 1s v i r u s
The v i ru s  which was is o la t e d  from Outbreak 1 was grown as 
descr ibed in Chapter 2, In the serum n e u t r a l i s a t i o n  t e s t ,  t h i s  v i ru s  
was in i t s  t h i r d  passage in secondary CK c u l t u r e s .
Tissue c u l tu re s
The secondary CT c u l t u r e s ,  which were prepared as described in 
Chapter 2, were used in the serum n e u t r a l i s a t i o n  t e s t .  The secondary 
CT monolayers were d ispersed w i th  a m ix tu re  o f  0 .2 5  per cent t r y p s in  
(2ml o f  2.5% t r y p s in  in versene) and a 0 .0 2  per cent versene in PBS.
The c e l l s  were then suspended in Ml 99 medium, conta in ing  10 per cent  
FBS, a t  a concentra t ion  o f  2 x 10^ c e l l s / m l ,
Serum-virus n e u t r a l i s a t i o n  te s ts
The serum n e u t r a l i s a t i o n  te s t s  were c a r r i e d  out in f l a t -  
bottomed, t i s s u e  c u l tu r e - g r a d e  m i c r o t i t r e  p la tes  (L inbro-Cooke-96 ,  Flow 
L a b o r a t o r ie s ,  Sco t lan d ) .  The serum samples were d i l u t e d  i n i t i a l l y  to  
1 :4  w i th  s t e r i l e  PBS,
Using a dropper p i p e t t e ,  0.025ml of  M199 medium was dropped 
i n to  each wel l  except f o r  those in the f i r s t  column. An equal volume of  
a 1 :4  d i l u t i o n  o f  serum was placed in the f i r s t  and second w e l l s  o f  the
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f i r s t  two columns and in each wel l  o f  the l a s t  column. Two rows were 
used f o r  each t e s t  serum sample. Using a 0.025ml hand m u l t i - d ï l u t e r  
and s t a r t i n g  w i th  the second column, s e r ia l  tw o - fo ld  d i l u t i o n s  were made.
To each w e l l ,  except those o f  the serum contro l  column, there  
was added 0.025ml o f  v i r u s  suspension conta in ing  SOTCiD^^/ml. This had 
p re v io u s ly  been determined using the m i c r o t i t r e  system and was t i t r a t e d  
each t ime the te s t  was performed to  check the t i t r e .
The P la tes  were then sealed w i th  s t e r i l e  aluminium f o i l  and 
Incubated a t  37°C fo r  2 hours to  a l lo w  n e u t r a l i s a t i o n .  At the end o f  
t h i s  p e r io d ,  0.1ml of  the secondary CT c e l l  suspension was added to each 
w e l l .  The p la te s  were then incubated a t  37°C in an atmosphere of  5 per 
cent carbon d io x id e .
The t e s t  was read on the t h i r d  day by examining the c e l l  sheet 
in the w e l ls  fo r  evidence of  CPE using an inver ted  microscope. The 
t i t r e  o f  the t e s t  serum was expressed as the re c ip roc a l  o f  the f i n a l  
d i l u t i o n  o f  the serum present in the serum/virus m ixture  a t  the 50 per  
cent end-po in t  est imated according to  the method o f  Karber (1931).
The p la tes  were used widthwise  so t h a t  only d i l u t i o n s  from 1 :4  to  1:256  
were p o s s ib le ;  the l a s t  column was the serum c o n t r o l .
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RESULTS
The d e t a i l e d  r e s u l t s  of  the prevalence of  serum n e u t r a l i s i n g  
a n t ib o d ie s  to  IBR v i ru s  in the In d iv id u a l  herds are  given in Apppendix  
2,  These herds have been c l a s s i f i e d  according to  the geographical  
lo c a t io n  o f  the farm, the vast m a jo r i t y  o f  which were s i t u a t e d  in the  
Grampian and S t ra th c ly d e  reg ions,  Figures 32 and 33 r e s p e c t i v e l y .
A t o t a l  o f  1152 serum samples from 114 herds were examined.  
A n t ib o d ie s ,  a t  a d i l u t i o n  o f  1 :4  or g r e a t e r ,  were demonstrated in 140 
(12%) samples and in 58 (51%) herds.  Of the 1039 d a i ry  c a t t l e  sampled,  
117 (11%) had an t ib o d ies  compared to  23 (20%) o f  the 113 beef animals  
sampled. In 9 out of  11 (82%) o f  beef herds,  there  was a t  l e a s t  1 
animal w i th  an t ib o d ies  whereas only  49 out of  103 d a i ry  herds (48%) were  
s i m i l a r l y  involved.  C l i n i c a l  signs suggestive o f  1BR had been observed 
in previous years in 7 herds and the p ropor t ion  of  p o s i t i v e  sera in 
these herds was g re a te r  (5/7:71%) than in the others  (53 /107:50%) .
The prevalence o f  a n t ib o d ie s  in d a i ry  c a t t l e  in the var ious  
regions is given in Table  16.  There was no s i g n i f i c a n t  d i f f e r e n c e  in 
the preva lence between the t o t a l  number of  p o s i t i v e  sera in 2 main 
reg ions ,  Grampian (47/409:12%) and S t ra th c ly d e  (62 /560:11%),  A small 
number o f  samples only were examined from the Central  and Dumfries and 
Galloway reg ions; in the former region 8 (20%) o f  the 40 samples were 
p o s i t i v e ,  but an t ib o d ies  were not de tected  from any o f  the 30 sera from 
c a t t l e  in the l a t t e r  reg io n .
The prevalence o f  a n t ib o d ie s  was s i g n i f i c a n t l y  h igher  ( p < 0 . 0 5 )  
In cows (110/877:13%) than in h e i f e r s  (7 /162 :4% ) .  In the Grampian 
re g io n ,  the proport ion  of  cows (43/373:12%) and h e i f e r s  (4/36:11%) w i th  
an t ib o d ie s  was s i m i l a r .  However, in S t r a th c ly d e ,  considerab ly  more cows 
(59/464:13%) than h e i f e r s  (3/96:3%) had a n t ib o d ie s ;  t h i s  d i f f e r e n c e  
was s t a t i s t i c a l l y  s i g n i f i c a n t  ( p < 0 . 0 5 ) .
There was very l i t t l e  d i f f e r e n c e  between the preva lence of  
a n t ib o d ie s  in the s e l f - c o n t a in e d  herds (103/928:11%) and in the bought - in  
herds (14 /111:13%) .  In Grampian, considerab ly  more samples from s e l f -  
contained d a i ry  herds were p o s i t i v e  (44 /348; 13%) than from the bought - in  
d a i r y  herds (3 /61 :5% ) .  The e f f e c t  of  the presence o f  H o ls te in  c a t t l e  
on the preva lence  o f  a n t ib o d ie s  in samples from Grampian region can be 
seen in Table  17. Twenty -three  (40%) o f  the 58 samples from " H o ls te in "
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herds were p o s i t i v e  compared to only 24 (7%) o f  the 351 sera from the  
other  herds in the  reg io n .  Only H o ls te in  c a t t l e  had been added to  these  
herds and so they have been c l a s s i f i e d  as " s e l f - c o n t a i n e d " .  I f ,  f o r  
the purposes o f  t h i s  p a r t i c u l a r  s tudy ,  the herds to which H o ls te in  c a t t l e  
had been added were considered as "bought - in"  herds,  then the prevalence  
o f  n e u t r a l i s i n g  ant ibodies- was s i g n i f i c a n t l y  h igher  (p<0,01) in the  
bought- in  than in the  s e l f - c o n t a in e d  herds (Table 1 7 ) .  In the  
S tra th c ly d e  region 51 (10%) of  the 510 samples from s e l f - c o n t a in e d  d a i ry
herds were p o s i t i v e  compared w i th  11 (22%) o f  the 50 samples from
bought- in  herds.
The herds were d iv ide d  in to  3 groups according to  t h e i r  s ize  
(up to  100 cows, from 101 to  200 cows, more than 201 cows). In the  
Grampian reg ion ,  th e re  were s e r o p o s i t iv e  animals in 7 o f  the 19 herds 
(37%) wi th  less than 100 c a t t l e ,  in 8 o f  the 16 herds (50%) w i th  101 to  
200 c a t t l e  and in 4 o f  the 5 herds (80%) w i th  more than 201 animals .
A s in g le  animal w i th  a n t ib o d ie s  was present in 6 herds (86%) w i th  less  
than 100 an ima ls ,  in 4 herds (50%) w i th  101 to  200 an ima ls ,  but in none 
o f  the 4 herds w i th  more than 201 animals .  In the S t ra th c ly d e  region  
th e re  were s e r o p o s i t iv e  animals in 19 o f  the 4l herds (46%) w i th  less  
than 100 cows and 7 of  the  15 herds (46%) w i th  101 to  200 cows. There  
was only  a s in g le  p o s i t i v e  animal in 8 o f  the 19 herds (42.1%) and 3 of  
the  7 herds (42.9%) in e i t h e r  group r e s p e c t i v e l y .  T h e re fo re ,  th e re  
appeared to  be a p o s i t i v e  r e l a t i o n  between the preva lence  of  a n t ib o d ies  
and herd s iz e  in the d a i r y  c a t t l e  in the Grampian reg io n ,  but not in 
S t r a t h c ly d e .
When the  mean herd s iz e  o f  these 3 la rg e  groups d e t a i l e d  above,  
was calculated,^ i t  was found t h a t  th e re  was an obvious p o s i t i v e  
r e l a t i o n s h i p  between the  mean herd s iz e  and the  percentage o f  s e ro p o s i t iv e  
animals  o v e r a l l  and a ls o  in the Grampian region (F igure 3 4 ) .
The e f f e c t  o f  reg ion ,  herd s iz e  and type o f  herd on the  
preva lence  o f  serum n e u t r a l i s i n g  a n t ib o d ie s  is presented in Table  18.
The mean t i t r e  o f  a l l  p o s i t i v e  samples was 9 .6  (Table 1 9 ) .  Although  
the geometrical  mean t i t r e  o f  an t ib o d ie s  in the d a i ry  animals (9 .6 )  was 
g re a t e r  than t h a t  o f  the  beef c a t t l e  ( 9 . 3 ) ,  t h i s  d i f f e r e n c e  was not  
s t a t i s t i c a l l y  s i g n i f i c a n t .  The mean ant ibody t i t r e  o f  c a t t l e  from the  
Grampian region was s i g n i f i c a n t l y  less (p<0;05).  than t h a t  in the animals  
from S t ra th c ly d e  ( 1 0 . 6 ) .  W i th in  the  Grampian a r e a ,  al though the herds
l O O
in which there  were Hoi s te ins  had a lower mean t i t r e  than the o th e rs ,
7 .8  compared to 9 . 3 ,  t h i s  d i f f e r e n c e  was not s t a t i s t i c a l l y  s i g n i f i c a n t .  
The mean t i t r e  o f  the samples from the h e i f e r s  was 11 .7  w h i le  the mean 
t i t r e  o f  the samples from the cows was 9 .3 ;  t h i s  d i f f e r e n c e  was not 
s t a t i s t i c a l l y  s i g n i f i c a n t .  The mean t i t r e  o f  the Grampian h e i f e r s  was 
18.3  compared to  13 .9  of  those from S t ra th c ly d e .  There was no 
s i g n i f i c a n t  d i f f e r e n c e  between the mean t i t r e s  of  the animals in the  
s e l f - c o n t a in e d  and bought- in  herds.  However, the mean t i t r e  (8 .5 )  
o f  those s e l f - c o n t a in e d  herds from the Grampian region was s i g n i f i c a n t l y  
lower (pCO.05) than t h a t  o f  the s e l f - c o n t a in e d  herds in the S t ra th c ly d e  
region ( 1 1 . 0 ) .
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The g e o g r a p h i c a l  d i s t r i b u t i o n  and t h e  number o f  he rds
sampled in  t h e  d i s t r i c t s  o f  t h e  S t r a t h c l y d e  r e g i o n .
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The e f f e c t  o f  the presence o f  H o ls te in  c a t t l e  in the  
prevalence o f  serum n e u t r a l i s i n g  a n t ib o d ies  to  IBR v i ru s  
in d a i ry  herds in the Grampian reg ion .
TYPE OF NUMBER OF CATTLE NUMBER OF HERDS
HERD SAMPLED POSITIVE (%) SAMPLED POSITIVE (7o)
HOLSTEINS 58 23 (40) 5 4 (80)
OTHERS 351 24 (7) 35 20 (57)
TOTAL 409 47 (12) 40 24 (60)
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DISCUSSION
The o v e r a l l  Incidence of  serum n e u t r a l i s i n g  antibody to  IBR 
v i r u s  in a d u l t  c a t t l e  from several  areas in Scotland was 12 per c en t .
This f i g u r e  is cons iderab ly  g re a t e r  than t h o s e  found in previous  
sero lo g ica l  surveys in B r i t a i n ;  Dawson and Darbyshire  (1964) and K irby  
and others  (1978) found only 2.1 per cent and 6 .8  per cent r e s p e c t i v e l y ,  
o f  the samples they examined to  be p o s i t i v e .  This d i f f e r e n c e  may have 
re s u l te d  from an increase In the incidence of i n f e c t i o n  w i th  IBR v i r u s ,  
or  from the use o f  more s e n s i t i v e  ant ibody assay systems or from both of  
these.  C l i n i c a l  signs su g g e s t iv e • o f  IBR had been observed in previous  
years in 7 o f  the 114 herds surveyed and the propor t ion  of  a n t ibod ies  
was g re a t e r  in these herds (71%) than in the others  (50%) .
The severe form of  IBR has main ly  a f f e c t e d  beef c a t t l e  and the 
prevalence of  a n t ib o d ie s  in the beef herds sampled v/as g re a te r  than in 
the d a i ry  herds.  This f in d in g  was to  be expected.  The in f e c t i o n  in 
these inc idents  had u s u a l ly  been introduced fo l lo w in g  the purchase of  
a number of  animals s in ce ,  in g e n e ra l ,  the turnover  in beef herds is 
g r e a t e r  than in d a i ry  herds.  Consequently,  i t  might have been expected 
th a t  the Incidence in the s e l f - c o n t a i n e d  herds would be less than th a t  
in herds in which several  animals  had been r e c e n t ly  b ought - in .  However, 
in the d a i ry  an imals ,  no d i f f e r e n c e  was found between s e l f - c o n t a in e d  
herds and the o th e rs .  There was an i n s u f f i c i e n t  number of  beef animals  
sampled to a l lo w  a v a l i d  comparison to  be made.
The recent  severe in c id e n ts  have been p a r t i c u l a r l y  common in 
the  Grampian region which is a major c a t t l e  importing area and yet  the  
prevalence of  a n t ib o d ies  in d a i ry  c a t t l e  v/as v i r t u a l l y  id e n t ic a l  to  th a t  
o f  the  S t ra th c ly d e  re g io n .  But IBR is mainly a disease o f  beef c a t t l e  
and these w i l l  have almost no contact  w i th  da i ry  s tock .  On the other  
hand, the prevalence of  a n t ib o d ies  was s i g n i f i c a n t l y  g r e a t e r  In the  
Grampian h e i f e r s  than in those from the S t ra th c ly d e  re g io n .  This f in d in g  
s t ro n g ly  suggests t h a t  the re  had been a la rge  increase in the recent  
i n f e c t io n s  wi th  t h i s  v i r u s  In the  Grampian a re a .  This is f u r t h e r  
s u b s tan t ia te d  by the r e l a t i v e l y  high mean t i t r e  of  the Grampian h e i f e r s .
That the re  was a p o s i t i v e  r e la t i o n s h i p  between the propor t ion  
o f  s e ro p o s i t iv e  animals and h e r d - s i z e ,  is in c o n tra s t  w i th  the  f in d in g s  
o f  K irby  and others  (1978) who reported  th a t  herd s iz e  had no in f luence  
on the prevalence o f  a n t ib o d ie s .  O v e r a l l ,  the incidence of a n t ib o d ie s
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was much higher  in d a i ry  cows than in d a i ry  h e i f e r s ;  t h i s  suggests 
t h a t  the i n f e c t io n  was endemic or had been introduced by the use of  
contaminated semen fo l lo w in g  a r t i f i c i a l  insemination.  This method of  
in troduc ing BHV 1 in f e c t i o n  in to  a s e l f - c o n t a in e d  herd has been suggested 
by Kirby and others  (1978) and may be c o r re c t  s in ce ,  in a survey o f  a l l  
a r t i f i c i a l  insemination  centres  in the United Kingdom, n e u t r a l i s i n g  
a n t ib o d ie s  were found in 21 per cent of  the b u l l s  sampled (Report ,  1970 ) .  
However, I t  is v i r t u a l l y  Impossible to  conf irm or to r e f u t e  t h i s  
suggestion w i thout  d e t a i l e d  s e rv ice  records because both a r t i f i c i a l  
insemination and natura l  s erv ice  a re  used in v i r t u a l l y  every d a i ry  herd.
H o ls te in  animals had been brought onto 5 of  the farms in the  
Grampian area and s i g n i f i c a n t l y  more of  the animals sampled had a n t ib o d ies  
in these 5 herds (40%) than in the others  (7%). The only  herd in which 
a n t ib o d ie s  were not de tected  had Imported a H o ls te in  b u l l .  These 
re s u l t s  support the  f in d in g s  of French workers who found serum 
n e u t r a l i s i n g  an t ib o d ies  to  IBR v i ru s  in almost 50 per cent of  imported,  
H o ls te in  c a t t l e  sampled (Dannacher and Fedida,  1978) .  in c o n t r a s t ,  less  
than 10 per cent o f  n a t iv e  French c a t t l e  were s e r o p o s i t i v e .  From t h i s  
i t  can be in fe r r e d  t h a t  H o ls te in  c a t t l e  had probably Introduced the "new"
IBR V i r u s .
I t  has been s ta ted  t h a t  the serum n e u t r a l i s a t i o n  te s t  which 
was used in t h i s  present survey is comparative ly  i n s e n s i t i v e  and,  
consequently ,  o ther  methods of  d e te c t in g  serum an t ib o d ie s  such as plaque 
i n h i b i t i o n  and in d i r e c t  haemagglutination  (IHA) te s t s  have been s tud ie d .  
The IHA t e s t  was s ta ted  to  be approximate ly  10 times more s e n s i t i v e  than  
the serum n e u t r a l i s a t i o n  te s t  In d e te c t in g  and assaying an t ib o d ies  to  
IBR v i r u s  (Shimuzu, 1sayama, Kawakami, Murase, Kawano 1972; K i rb y ,
M a r t in ,  O s t l e r ,  1974 ) ,  Despite  t h i s ,  Ki rby and others  (1978) found 
only  6 .8  per cent o f  sera to  be p o s i t i v e .  There fore  i t  would appear  
th a t  had the serum n e u t r a l i s a t i o n  t e s t  been used by those workers the  
.prevalence o f  a n t ib o d ies  to IBR v i r u s  would have been much le s s .  I t  
i s  a lso  possib le  t h a t ,  so f a r  the more v i r u l e n t  form o f  in f e c t i o n  is 
l i m i t e d  to  the nor thern  h a l f  o f  B r i t a i n  and is slowly spreading  
southwards.  P o t g ie t e r  and Mare (1974) have shown t h a t  n e u t r a l i s a t i o n  
of  Herpesviruses was markedly enhanced by guinea pig complement and thus 
had the complement been used in t h is  n e u t r a l i s a t i o n  t e s t ,  the p ropor t ion  
of  animals w i th  a n t ib o d ie s  and the mean ant ibody t i t r e s  might w e l l  have 
been much h ig h e r .  Such a f in d in g  would s tro n g ly  support the hypothesis
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th a t  a more severe and r a p id ly  spreading form o f  IBR was re ce n t ly  
introduced in to  the north of  B r i t a i n .
The mean t i t r e  o f  the p o s i t i v e  sera in t h i s  study was 9 .6  
which is s im i l a r  to the mean t i t r e  (11,6 )  o f  the samples examined by 
Dawson and Darbyshire  (1964 ) .  Since complement was not used in e i t h e r  
survey then the s e n s i t i v i t y  o f  the serum n e u t r a l i s a t i o n  te s ts  used in 
the 2 surveys was probably s i m i l a r .  Even a l low ing  fo r  the fa c t  th a t  
the IHA te s t  is more s e n s i t i v e  than the serum n e u t r a l i s a t i o n  t e s t ,  the  
mean t i t r e  obtained by Kirby  and others  was 1:470 .  This is more than 
30 times the mean t i t r e  (15.2)  o f  the sera obta ined from 15 confirmed  
f i e l d  inc idents  of  the disease (Chapter 2 ) .  I t  is in t e r e s t i n g  to  
note th a t  there  was no s i g n i f i c a n t  d i f f e r e n c e  between the mean t i t r e  in 
t h i s  survey and those o f  the f i e l d  in c id e n ts .  This f in d in g  was not 
e n t i r e l y  unexpected since i t  has been reported th a t  the a n t ig e n ic  
response to  herpesviruses is poor (M a r t in ,  1976) and tha t  i t  may take  
as long as 10 months u n t i l  the peak t i t r e  is reached (McKercher, 1959) .
A 10 per cent sample was considered adequate fo r  the purposes 
o f  t h i s  survey in view o f  the f a c t  th a t  there  was background in fo rmation  
regarding the prevalence of  an t ib o d ie s  nationwide (Dawson and Darbyshire ,  
1964; Kirby  and o th e r s ,  1978) and the numerous IBR inc idents  which had 
been reported during the previous w in te r  housing per iod (Wiseman and 
o th e rs ,  1978; Cuthbertson and Wood, 1979; Imray, 1979a) .  The widespread  
nature  of  an t ibod ies  to  IBR v i ru s  represents a ser ious p o te n t ia l  hazard,  
since  i t  has been wel l  e s tab l is h e d  th a t  "s tressed"  c a r r i e r  animals can 
e xcre te  the v i ru s  (Sheffy and Davies,  1972),  which could ,  in t u r n ,  i n f e c t  
in -c o n ta c t  animals ,  the vast m a jo r i t y  o f  which are  l i k e l y  to be 
suscept i b l e .
I l l
CHAPTER 4
A COMPARISON OF SEVERAL PHYSICAL CHARACTERISTICS OF THE STRICHEN, 
COLORADO AND OXFORD STRAINS OF INFECTIOUS BOVINE RHI NOTRACHEITIS VIRUS
INTRODUCTION
Bovine herpesvirus  1 i n f e c t io n  in c a t t l e  has been associated  
w ith  var ious  c l i n i c a l  syndromes (Tables 1 and 2 ) .  In view o f  the var ie d  
c l i n i c a l  m a n i fes ta t io n s  caused by or  associated w i th  BHV 1 i n f e c t i o n ,  i t  
was considered th a t  a n t ig e n ic  v a r i a t i o n  might e x i s t  between s t r a in s  or  
i s o la t e s .  When Buening and Gratzek  (196?) compared the n e u t r a l i s a t i o n  
k in e t i c s  o f  4 BHV 1 i s o la t e s  from cases of  IBR (Colorado, Los Angeles)  
and c a l f  e n t e r i t i s  (I SU 1, I SU 2 ) ,  they found th a t  th e re  were minor 
d i f f e r e n c e s  between e n t e r i t i s  I SU 1 and the  other  i s o la t e s .  On the  
other  hand, in a s i m i l a r  study of  7 BHV 1 i s o la t e s .  Bowling,  Goodheart  
and Plumer (1967) were unable to  f in d  any a n t ig e n ic  v a r i a t i o n .  More 
r e c e n t l y ,  House (1972) was ab le  to  show by n e u t r a l i s a t i o n  k in e t i c s  th a t  
minor a n t ig e n ic  d i f f e r e n c e s  did e x i s t  between I s o la t e s .  Using the same 
method o f  comparison, Bagust (1972) found th a t  i s o la te s  from cases of  
IBR and IPV/IPB did not show any d i f f e r e n c e s  In a n t ig e n ic  composit ion,  
although the e n c e p h a l i t i s  i s o la t e  (N569) was a n t i g e n ! c a l l  y d i s t i n c t ,  
in s im i l a r  s tu d ie s ,  using d i f f e r e n t  c lasses of  antibody prepared in 
r a b b i t s ,  P o t g ie t e r  and Mare (1974) demonstrated s l i g h t  a n t ig e n ic  
d i f f e r e n c e s  between several  is o la te s  from the g e n i ta l  and r e s p i r a t o r y  
t r a c t s .
Since the S t r ic h e n  i s o l a t e  was associated w i th  a much more 
severe r e s p i r a t o r y  t r a c t  disease than had been recognised p rev ious ly  in 
the United Kingdom, se lec ted  c h a r a c t e r i s t i c s  of  t h i s  i s o la t e  were 
compared w i th  those o f  2 w e l l  e s t ab l is h e d  prototype r e s p i r a t o r y  disease  
s t r a in s  of  w ide ly  d i f f e r e n t  v i r u l e n c e ,  namely Colorado and Oxford.  The 
c h a r a c t e r i s t i c s  se lec ted  fo r  comparison were plaque type ,  growth r a te  
and envelope a n t i g e n i c i t y .  Plaque type was studied by observing  
plaque diameter and morphology; v i r a l  growth ra tes  were de f ine d  by 
measuring the e c l ip s e  per iods and r a te  o f  v i r a l  r e le a s e ;  and 
a n t i g e n i c i t y  was examined by k i n e t i c  n e u t r a l i s a t i o n .  These 
c h a r a c t e r i s t i c s  were chosen because each has been assoc iated  w i th  
v a r i a b i l i t y  in v i r u le n c e  in o ther  v i r u s  systems; fo r  example,  is o la te s  
of  f e l i n e  cal i c i  v i ru s  (Ormerod and J a r r e t t ,  1977) ,  p o M o v i ru s  (Sabin,  
1957) and fo ot  and mouth disease v i r u s  ( S e l l e r s ,  B u r t ,  Gumming and 
S tewar t ,  1959) der ived from small plaques were less v i r u l e n t  than those  
from la rg e  plaques.  The growth r a t e  was considered important as i t  
might in d ic a te  the r a p i d i t y  w i th  which each s t r a i n  might spread in the
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in fe c ted  a n im a l„ The a n t ig e n ic  d i f f e r e n c e s  might be expected to be 
r e la t e d  to changes in the v i r a l  sur face  s t ru c tu re  which could in f lue nce  
the cytotropism of  each v i r u s  (Buening and Gratzek ,  1967) or be associated  
with  v a r i a b i l i t y  in v i r u le n c e  owing to  d i f fe r e n c e s  in the e x ten t  o f  the  
n e u t r a l i s a t i o n  re ac t io n  in v iv o .
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MATERIALS AND METHODS 
Tissue c u l tu re s
Primary meningeal c u l tu r e s  were prepared from bovine embryos in 
t h e i r  second t r i m e s t e r  obta ined from the a b a t t o i r .  A f t e r  the skul l  had 
been a s c e p t î c a l l y  opened, the meninges were removed and placed in a 
s t e r i l e  un iversa l  b o t t l e  and then f i n e l y  minced using a f i n e  p a i r  of  
s t e r i l e  s c isso rs .  The fragments were washed 3 times w i th  PBS and 
f i n a l l y  inocula ted  in to  8 ounce p r e s c r ip t io n  b o t t le s  c onta in ing  20 ml o f  
E ag le 's  medium. This medium consisted of  1 per cent g lu tam ine ,  20 per 
cent FBS ( in a c t i v a t e d  a t  56^0 fo r  30 m inutes) ,  1 per cent non-essent ia l  
amino a c id s ,  50 Ug/ml t y l o s i n ,  100 un i ts /m l  p e n i c i l l i n  and 100 Ug/ml 
d ihydrost reptomycin .  Complete monolayers were g e n e r a l ly  formed in 3 -4  
weeks and could be subcultured 35-40 t imes.  This f o e ta l  bovine meningeal  
c e l l  l i n e  was used in i t s  20th passage fo r  the one-s tep growth curves as 
wel l  as fo r  u l t r a s t r u c t u r a l  s tu d ie s .  ! t  was chosen fo r  t h is  purpose 
because, although the growth and morphogenesis o f  IBR v i ru s  have been 
studied In several  types of  bovine c e l l  c u l t u r e s ,  meningeal c e l l s  have 
never been used fo r  work o f  t h i s  type,
A fo e ta l  bovine lung (FBI.) semi-continuous c e l l  l i n e  was used 
f o r  the s tud ies  of  n e u t r a l i s a t i o n  k i n e t i c s ,  plaque s iz e  and plaque 
morphology. This c e l l  l i n e  which v/as obtained from the Central  
V e t e r in a r y  Laboratory  M i n i s t r y  o f  A g r i c u l t u r e ,  Food and F i s h e r i e s ,  
Weybridge,  was used because i t  grew more q u ic k ly  and formed more even and 
compact monolayers than CT or meningeal c u l tu re s  and a lso  because the  
plaques were more d i s t i n c t .
V iruses
The v i ru s  i s o la te d  from outbreak 1 (Chapter 2) is here r e fe r r e d  
to  as the "S t r ich en  s t r a i n "  o f  IBR v i r u s .  This s t r a i n  was grown and 
stored as described in Chapter 2. I t  was used in i t s  t h i r d  passage a t  
a t i t r e  o f  10^*^TCID^^/ml.
The Colorado and Oxford s t r a in s  were obta ined from the Centra l
V e t e r in a r y  L a bora tory ,  Weybridge,  and were used in t h e i r  28th and 6th
8 1passages r e s p e c t i v e l y .  Both were used a t  a t i t r e  o f  10 ’ TCID^^/ml.
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Rabbi t  a n t î serum production
Prepara t ion  of  the antigen f o r  immunising r a b b i t s . Eight -ounce  
p r e s c r ip t io n  b o t t le s  of  w e l l  monolayered FBI c e l l  c u l tu re s  were each 
inocula ted  w i th  1 ml o f  lO^TClDg^/ml of  v i ru s  and l e f t  to  adsorb a t  37°C 
f o r  2 hours, a f t e r  which 20ml of  maintenance medium was added to  each 
b o t t l e .  These c u l tu re s  were changed to a serum-free medium a f t e r  12 
hours and then re - incub ated  a t  37°C u n t i l  about 90 per cent of  the 
monolayers showed cy to p a th ic  e f f e c t .
The v i ru s  was then harvested ,  dispensed and stored as described  
under Chapter 2«
Production o f  hyperimmune serum. A 1 ;1 concentra t ion  of  u n d i lu te d  v i rus  
and complete Freund's ad juvant (Miles Labo ra to r ies  L t d . ,  UK) was prepared.  
A 0.2ml volume o f  v i r u s /a d ju v a n t  mixture  was inocula ted in t r a d e r m a l1 y 
in to  each o f  the rear  footpads of every r a b b i t  and 0.1ml v i r u s /a d ju v a n t  
m ixture  in to  8 s i t e s  on the back as w el l  as 8 s i t e s  on the abdomen of  
every r a b b i t .
Three weeks l a t e r ,  the ra b b i ts  were given s i m i l a r  inocu la t ions  
in t r a d e r m a l1 y o f  a 1:1 c o n ce ntra t ion  o f  v i rus  and incomplete Freund's  
adjuvant in to  the back and abdomen o n ly .
A f t e r  a f u r t h e r  3 weeks, the ra b b i ts  were given 1 ml o f  the
an t igen  in t ra ve n o u s ly .
Ten days a f t e r  the Intravenous cha l lenge the ra b b i ts  were b led .  
The serum obta ined w i l l  be r e f e r r e d  to  as " l a t e  serum". The bovine  
Str ich en  a n t i  serum used was obta ined from a c a l f  which had been chal lenged
w i th  the v i r u s  in t ranasa l  1 y and developed ty p ic a l  c l i n i c a l  signs o f  IBR.
The serum was in a c t i v a t e d  a t  56 C f o r  30 minutes,  dispensed and stored  
a t  -20°C ,
Plaque s iz e  and morphology
Plaque s ize  and morphology were compared in the semicontInuous  
FBL c e l l  l i n e .  Ce l l  suspensions were prepared as described in d e t a i l  in 
Chapter 3.
Monolayers were grown in disposable  30mm diameter ,  t i s s u e  
c u l t u r e ,  p e t r i  dishes (Flow L a b o r a t o r ie s ,  Scotland) by in o c u la t in g  2ml 
o f  c e l l  suspension.  The p la te s  were incubated at  37^0 in an atmosphere 
o f  5 per cent carbon d io x id e  u n t i l  monolayers had formed. The 3 s t r a in s
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of IBR v i ru s  (Si r I, | ,r, i,  C c 'o re d o ,  Oxford) were d i lu te d  to conta in  100 PFU 
and 0.5ml was lni>, Minted T - t o  each of the 4 p la te s .  Adsorption was 
al lowed to  take pi .mt at  : in an atmosphere of 5 per cent carbon
d iox ide  fo r  2 houin,  a f t e *  w^ , i ch the v i ru s  suspension was removed using 
a vacuum pump. Il»e mono: ^\ 'ers were washed in medium be fore  a p p l ic a t io n  
of  the o v e r la y .  1 nlo e jc . '  o f  the p la tes  2ml of  a 0 .6  per cent agar  
over lay  (equal aiUv>Mnl s c" oouble  concentra t ion  Ml 99 and 1.2% Di fco  agar) 
were inocu la ted .  A l t e r  % ^  o v e r la y  had s o l i d i f i e d ,  the p la te s  were 
incubated a t  37^0 Ip nn atimosohere of  5 per cent carbon d io x id e .
On day 1 post i n o c u l a t i o n ,  the p lates were examined 
m ic ro s c o p ica l ly  np.i then - " v e d  and s ta ined  for 24 hours in a m ixture  of  
0 .5  per cent c r y s ta l  v i c i â t  and 10 per cent fo rmal in .  The agar over lay  
was then removed .muI plc-:i .s y^^ re l e f t  to dry in a i r .  Measurement of  
plaque s ize  was a t h l r \ e d  :■ randomly ta k ing  100 plaques and measuring 
them w i th  a diamevnr r-ee < _ - no tem pla te  (L i fe  Science Instruments ,  M i les  
L a b o r a t o r ie s ,  IpuLmvt,  L'SA , The plaque morphology was examined using 
an inver ted  mi cro%v oi'o .
One-step growth c; ) \ ^  t r e s t r u c t u r e  studies
In orde; th a t  a :  east 95 per cent of  the c e l l s  would be
In fe c te d  w i th  v i i \ v ,  i - o . t  m u l t i p l i c i t y  of in fe c t io n  of  3 was used. 
Meningeal c e l l  n o ' O l i v e r s  were d ispersed wi th  a mixture of  0 .25  per cent  
t r y p s in  (2ml of  v;, t r ^ r s ' n  in  1 &r,l versene) and a 0.01 per cent versene  
In PBS.
For the $ t r lc~enr  v i r u s .  18 .5  x 10^ c e l ls  were mixed w i th  1.2ml
of  v i ru s  ( t i t r e   ^ ' o  r _ ^ /m l )  and the volume made up to  40ml w i th
E ag le 's  growth mov the Colorado and Oxford v iruses  l l^ x ^ lO
c e l l s  were mixec- ». ;s  ^  ^  ^'"mù each of  the viruses ( t i t r e  = 10 ' TCID^^/ml)  
and the volumes  ^  ^ I2ml w i t h  Eag le 's  growth medium.
Each m ^  a g i t a t e d  w i th  a magnetic s t i r r e r  a t  4®C fo r
2 hours a f t e r  wh i ; v - ' i  event number of  tubes were each inocula ted
w i th  1ml of  v i ru s  ion (0 .5  x 10^ c e l ls )  mixture  and incubated
at  37 0 .  Samp] t  one s te o  growth-curve were c o l le c te d  at  2, 4-,
6,  8,  12,  16,  IS .  2.% 36 end hours post in o c u la t ion .  The c e l l
( i n t r a c e l l u l a r  v ‘ . f l ui d ( e x t r a c e l lu l a r  v irus) f r a c t i o n s  were 
separated and t*^ <? ,  ^ - e c t i c r  was spun in a GF-6 MSE r e f r i g e r a t e d
c e n t r i f u g e  at  163^ 5 ird.nutes to  sediment the c e l l s ,  which were then
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resuspended in 1ml o f  E ag le 's  maintenance medium together  w i th  the  
o r i g i n a l  c e l l  f r a c t i o n .  Both the c e l l  and the f l u i d  f r a c t i o n s  were 
Immediately stored a t  -70°C u n t i l  requ ired  fo r  t i t r a t i o n  which was 
c a r r ie d  out by the quantal  method using 5 c u l t u r e  tubes per 1 0 - f o ld  
d i l u t i o n .
Samples f o r  the e le c t r o n  microscopic s tudies were taken a t  
0 .0 0 ,  0 .1 5 ,  1, 2 ,  3, 4 ,  6, 8, 13, 16,  18, 20,  24,  36 and 48 hours post 
i n o c u la t io n .  This was undertaken w i th  the S tr ichen  s t r a i n  on ly .  A f t e r  
c o l l e c t i n g  the  sample, the c e l l s  were removed from the glass surface  of  
the t e s t  tubes using a rubber pol iceman. The c e l l s  were then spun in 
a GF-6 MSE r e f r i g e r a t e d  c e n t r i f u g e  a t  336g for  5 minutes to  form p e l l e t s ,  
which were processed fo r  e le c t r o n  microscopic examinations as described  
in d e t a i l  in Chapter 2.
N e u t r a l i s a t i o n  k in e t i c s
K in e t i c  n e u t r a l i s a t i o n  o f  the 3 v i ru s  s t r a in s  was c a r r ie d  out
in a w ater -b a th  at  37^C. E ag le 's  medium conta in ing  1 per cent FBS and
1 per cent glutamine was used throughout the experiments as a d i l u e n t ,
w h i le  f re e z e  d r i e d ,  guinea pig complement ( G ib c o -B io c u l t , Scotland) a t
a 1:3 d i l u t i o n  was used as a source of  complement. The v i ruses  were
4-
d i l u t e d  to  conta in  2 x 1 0  PFU/ml w h i le  a n t i s e r a  were d i l u t e d  so th a t  
0.5ml n e u t r a l i s e d  approximate ly  90 per cent of  a 0.5ml p re p a ra t io n  of  
the homologous v i ru s  in about 30 minutes.  P r io r  to  use, a l l  reagents  
were c h i l l e d  to  4°C.
The t e s t  was c a r r i e d  out by r a p id ly  mixing 0.5ml of  the v i r u s ,  
0.5ml o f  r a b b i t  antiserum and 0,1ml o f  complement. A 0.1ml volume o f  
the mix ture  v/as immediately d i l u t e d  1 0 0 - f o ld  by blowing i t  i n to  9.9ml o f  
c h i l l e d  d i lu e n t  and the samples were then stored a t  4°C in a t r a y  of  
wet Ice .  This was considered to  be the zero minute sample. The res t  
o f  the v i r u s - a n t i  serum mixture  was incubated in a waterbath  a t  37^G. 
Subsequent samples were taken a t  every 5 minutes up to  30 minutes and,  
a t  each t im e ,  d i l u t e d  1 0 0 - f o ld  immediate ly.
The amount o f  v i r u s  present in each d i l u t e d  sample v/as 
determined by the plaque method. Four p la tes  of  FBL c e l l s  were used 
fo r  each o f  the samples and every  p la t e  received 0,5ml o f  the d i l u t e d  
sample. The res t  of  the procedure was s im i l a r  to  t h a t  described in 
d e t a i l  above under "plaque s iz e  and morphology".
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Plaques were counted under a c o l d - l i g h t  i l l u m i n a t o r  and a 
s t a t i s t i c a l  e s t im ate  o f  the r a te  of  v i r u s  n e u t r a l i s a t i o n  was c a lc u la te d  
by l i n e a r  regression and by apply ing " S tu d e n t ’ s" t  t e s t .  The 
n e u t r a l i s a t i o n  ra te  constant  (K) fo r  a v i ru s  and a p a r t i c u l a r  antiserum  
was c a lc u la t e d  by McBride 's  (1959) fo rmula;  K = D / t  2 .3  log^^Vo/Vt  
in which Î
D = D i l u t i o n  of  antiserum
t = Time (minutes)
Vo = I n i t i a l  amount of  v i ru s  at t ime zero
Vt = Residual  v i ru s  a t  t ime " t "
For the purposes of comparison, a normalised constant (NK) was obta ined  
by ass igning a value  o f  100 to the homologous system and c a l c u l a t in g  
values fo r  the heterologous system.
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RESULTS
Plague s iz e  and morphology
Previous work had shown t h a t  the maximum plaque s iz e  was 
achieved on day 3 post i n o c u la t io n .  Th e re fo re ,  in these experiments  
plaques were f i x e d  and s ta ined  on day 3 post in o c u la t io n .
On day 1 post i n o c u la t io n ,  small microscopic  foc i  were ev ident
and they became macroscopic by day 2 post in o c u la t io n .  On day 3 the
plaques had grown to  t h e i r  maximal s i z e .  By t h i s  t ime both small and 
l a rg e  plaques were observed and the corresponding s ize  of  the plaques of  
the 3 v i r u s  s t r a in s  is presented in Table 20.  The mean plaque s izes  
of  the 3 s t r a in s  were S t r ich en  (1 .8 8  - 0 . 0 5 ) ,  Colorado (1.91 -  0 .05 )  and
Oxford- (1.61 ^ 0 . 05 ) .  There was no s i g n i f i c a n t  d i f f e r e n c e  between the
mean plaque s ize  of  the S tr ichen  and the Colorado s t r a in s  but the mean 
plaque s ize  of  both was h igh ly  s i g n i f i c a n t l y  (pzLO.OOl) g re a te r  than 
those o f  the Oxford s t r a i n  o f  IBR v i r u s .
M o rp h o lo g ic a l ly ,  the plaques produced by each v i r u s  were s i m i l a r ,  
being c i r c u l a r  w i th  deeply s t a in in g  c e l l s  forming a per ip h era l  r in g .
Some o f  the plaques had a c le a r  cen t re  w h i le  others  had a few strands of  
in fe c ted  c e l l s  p ro trud ing  in to  the i n t e r i o r  g iv in g  a s l i g h t l y  ragged 
appearance.
One step growth curve and u l t r a s t r u c t u r e  studies
The r e s u l t s  of  the i n f e c t ! v i t y  t i t r a t i o n s  are shown in Table  
21.  Both the c e l l  associated and e x t r a c e l l u l a r  v i ru s  from a l l  the 3 
s t r a in s  f i r s t  appeared a t  8 hours post in o c u la t io n  and continued to  
r i s e  l o g a r i t h m i c a l l y  u n t i l  18 hours post in o c u la t io n  (Figures 35,  38,
3 7 ) .  There was a s l i g h t  drop in the i n t r a c e l l u l a r  as wel l  as 
e x t r a c e l l u l a r  v i ru s  from 18 hours to 24 hours which continued a t  a f a s t e r  
ra t e  u n t i l  48 hours post in o c u la t io n .  The p a t te rn  o f  v i ru s  re le ase  in 
a l l  the s t r a in s  was s i m i l a r  w i th  the v i r u s  being r a p id ly  released from 
the c e l l  al though the Colorado s t r a i n  seemed to be re leased f a s t e r  than 
the o ther  2 s t r a in s  (Figures 36 and 38) .
The amount o f  e x t r a c e l l u l a r  and i n t r a c e l l u l a r  v i ru s  a t  18 and 
48 hours post in o c u la t io n  is shown in Table 22. The amount o f  v i ru s  
produced per c e l l  was highest w i th  the S t r iche n  v i ru s  and l e a s t  w i th  the  
Oxford v i r u s ;  t h is  d i f f e r e n c e  was not s t a t i s t i c a l l y  s i g n i f i c a n t .  The 
d i f f e r e n c e  in the  amounts o f  e x t r a c e l l u l a r  and i n t r a c e l l u l a r  v i r u s  a t  
48 hours post in o c u la t io n  was not s i g n i f i c a n t  e i t h e r .
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Elec t ro n  microscopic s tud ies  revealed in t r a n u c le a r ,  
in t ra cy to p la s m ic  and e x t r a c e l l u l a r  v i ru s  p a r t i c l e s .  In the in t r a n u c le a r  
s i t e ,  the v i r u s  p a r t i c l e s  appeared c i r c u l a r  or e l l i p t i c a l  w i th  e i t h e r  
a c le a r  core or w i th  an e le c t r o n  dense nucleoid or w i th  homogenously 
e le c t r o n  dense m a te r ia l  f i l l i n g  the p a r t i c l e s  (F igure 3 9 ) .
In t ra c y to p la s m ic  v i r u s  p a r t i c l e s  were seen in t ra n s p o r t  vacuoles which 
in tu rn  were surrounded by a dense m a t r ix  (Figure 4 0 ) .  The e x t r a c e l l u l a r  
v i r u s  p a r t i c l e s  which had acquired a d d i t io n a l  membranes dur ing t h e i r  
passage to  the c e l l  sur face  had spiked outer  membranes (F igure  4 1 ) ,
The v i ru s  was f i r s t  seen i n t r a n u c le a r l  y a t  8 hours post 
in o c u la t io n  (F igure 4 2 ) .  At 12 hours post in o c u la t io n  groups o f  v i ru s  
p a r t i c l e s  were seen I n t r a n u c l e a r l y ,  a few p a r t i c l e s  were seen in the  
cytoplasm in t ra n s p o r t  vacuoles (F igure  43) and e x t r a c e l l u l a r  v i ru s  
p a r t i c l e s  were seen i n f r e q u e n t ly  (F igure  4 4 ) .  At 16 hours post 
in o c u la t io n ,  v i ru s  p a r t i c l e s  were seen in t ra n s p o r t  vacuoles in the 
cytoplasm and in groups in t r a n u c le a r l  y (Figures 40 and 45 r e s p e c t i v e l y ) .
I t  was a ls o  a t  t h i s  t ime (16 hours) th a t  e x t r a c e l l u l a r  v i r u s  p a r t i c l e s  
were seen in cons iderab le  numbers (F igure 46) and la rg e  numbers of  
v i r u s  p a r t i c l e s  were re leased a t  18 hours (F igure 4 7 ) .  Although the  
amount o f  v i r u s  being re leased  by each c e l l  decreased between 24 and 48 
hours,  there  was s t i l l  a p p rec ia b le  numbers of  p a r t i c l e s  being re leased  
a t  24 and 36 hours and even by 48 hours post in o c u la t io n ,  small numbers 
o f  v i ru s  p a r t i c l e s  were s t i l l  e v iden t  in the nucleus.
N e u t r a l i s a t i o n  k i n e t i c s
The n e u t r a l i s a t i o n  curves o f  the 3 v i ru s  s t r a in s  by the 4 
a n t is e r a  ( r a b b i t  a n t i - S t r i c h e n ,  bovine a n t i - S t r i c h e n ,  r a b b i t  a n t i -  
Colorado and r a b b i t  a n t i -O x fo rd )  are  presented in Figures 48,  49 ,  50 
and 51.  The n e u t r a l i s a t i o n  r a t e  constant (K) .and normalised constant  
(NK) values f o r  the 3 v i ru se s  are  presented in Table 23,  w h i le  the  
d e t a i l e d  re s u l ts  o f  plaque counts are presented in Appendix 3.
A l l  3 v i ruses  were n e u t r a l i s e d  by each a n t i  serum. In each 
case the r a te  o f  the r e a c t io n  increased w i th  t ime u n t i l  the i n a c t i v a t i o n  
curve was a s t r a i g h t  l i n e ,  In d ic a t in g  o n e - h i t  k i n e t i c s .  A l l  the 3 
v iruse s  formed a shoulder and t h i s  i n i t i a l  shoulder was most marked 
w ith  the  S t r iche n  s t r a i n  regard less  of  the serum used. Both the  
r a b b i t  (F igure 48) and bovine (F igure  49) S tr ichen  a n t i s e r a  n e u t r a l i s e d  
the heterologous Colorado (F igure  50) and Oxford (F igure  51) s t r a in s
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a t  a f a s t e r  r a te  than the homologous v i ru s  ( p < 0 . 0 5 ) .  The 
n e u t r a l i s a t i o n  ra tes  of  the  3 v i rus es  by the Oxford antiserum were not 
s i g n i f i c a n t l y  d i f f e r e n t ,  w h i le  the Colorado antiserum n e u t r a l i s e d  the  
homologous v i ru s  s i g n i f i c a n t l y  f a s t e r  than the heterologous v i r u s e s .
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TABLE 2 0 . The re s u l ts  of  comparison of plaque sizes o f  the 3 s t r a in s  
of  in fe c t io u s  bovine r h î n o t r a c h e i t i s  v i r u s .
IBR- STRICHEN STRAIN IBR-COLORADO STRAIN IBR-OXFORD STRAIN
K 5 1 .7 2 .0 , 2 . 2 , 2 . 5 , 2 .0 2 .5 2 .6 , 1 . 5 , 1 . 0 , 1 .2 1.1 ,
2 .5 1 .8 3 .0 , 3 .0 , 3 .0 , 2 .0 2 .2 2 .0 , 1 . 8 , 1 .5 , 1 .4 1 . 0 ,
1 .5 1 .5 1 .5 , 1 .7 , 2.1 , 1 .7 1 .8 2 . 0 , 1 . 2 , 1 .4 , 1 .8 1 . 2 ,
2 .0 1 .8 1 .8 , 1 .8 , 2 . 0 , 2.1 3 .5 3 .0 , 2.1 , 2 .3 , 2 .2 2 . 0 ,
2.1 2 .0 2 . 0 , 1 .6 , 2 . 0 , 2 .0 1.1 1 .2 , 2 . 0 , 1 . 8 , 2 .8 3 .0 ,
1 .9 1 .4 1 .3 , 1 .2 , 3 .0 , 1 .8 1 .5 1 .2 , 2 . 6 , 2 . 2 , 1 .5 1 . 1 ,
1.1 2 .0 2 . 2 , 2 . 0 , 2 . 2 , 2 .7 2 .2 1 .8 , 1 .7 , 2 .2 , 1 .5 1 .2 ,
2 .0 2 .0 1 .3 , 3 .2 , 2 . 0 , 1 .6 1 .2 1 .4 , 1 .1 , 2 . 0 , 1 .2 1 . 0 ,
2 .5 2 .0 1 .8 , 3 .0 , 2 . 0 , 1 .8 1 .6 2 .0 , 1 .8 , 1 . 5 , 1 .7 1 . 2 ,
1 .8 1 .8 1 .8 , 1 .1 , 2.1 , 2 .5 3.0 2 , 4 , 1 .3 , 1 .7 , 2 .0 1 . 2 ,
1 .2 1 .4 2 . 0 , 1 .7 , 1 .8 , 1 .5 1 .8 2 . 0 , 1 .4 , 1 .7 , 1 .8 1 .8 ,
1 .8 1 .5 2 .4 , 1 .9 , 2 .3 , 2 .2 2 .5 1 .8 , 1 .2 , 1 .2 , 1.1 1 .0 ,
1 .6 1 .2 1 .0 , 1 .2 , 1 .8 , 1 .4 1 .5 1 .3 , 1 . 0 , 2 .0 , 1 .4 1 .8 ,
U 3 1 .5 2 .0 , 2 . 0 , 2 . 0 , 1 .2 1 .2 1 .3 , 1 . 4 , 1 .1 , 1 .5 1 . 5 ,
2 .0 1 .7 3 .0 , 1 . 5 , 1 .1 , 1.1 2 .0 1 .5 , 1 . 6 , 1 .6 , 2 .0 2.1 ,
1 .5 1 .5 1 .6 , 1 .4 , 1 .8 , 1 .4 1 .2 1 .6 , 1 . 2 , 1 . 0 , 2 .0 1 .1 ,
3 .5 2 .0 2 . 0 , 2.1 , 2 , 0 , 1 .8 2 .0 1 .5 , 1 . 0 , 1 .5 , 2 .0 1 .2 ,
2 ,0 2 .0 1 .8 , 1 .5 , 1 . 5 , 1 .0 1 .2 1 .4 , 1 .5 , 1 .6 , 1 .8 1 . 7 ,
1 .5 1 .5 1 .7 , 1 .7 , 1 .4 , 1 .7 1 .6 1 .5 , 1 . 2 , 2 . 0 , 2 .0 2.1 ,
1 .8 1.2 1 .5 , 1 .5 , 1 . 2 , 2 .0 1 .8 1 .8 , 2 . 3 , 1 .5 , 1 .8 0 . 8 ,
2 .0 2 .0 2 . 0 , 3 .0 , 1 . 8 , 2 .0 1 .5 1 .5 , 1 .1 , 1 . 2 , 1 .4 1 . 7 ,
2 .3 1 .5 1 .8 , 1 .5 , 2 . 0 , 2 .0 2 .0 2 . 0 , 1 . 8 , 2 . 2 , 2 .0 1 . 6 ,
2 .4 1 .5 2 . 0 , 2 . 0 , 1 .5 , 1 ,6 3 .4 3 .2 , 1 .5 , 1 . 2 , 2 .0 1 .8 ,
2.1 2 .2 1 .5 , 2 . 8 , 2 . 8 , 1 .3 2 .2 2 .6 , 2 . 5 , 1 .1 , 1 .5 1 .2 ,
3 .0 3 .2 1 .5 , 1 .8 . 2 . 0 , 2 .2 3 .0 2 .5 . 1 .2 , 2 .0 , 2.1 2 . 0 .
Range. 1 . 0 - 3 . 5mm Range . 1 . 0 - 3 . 5mm Range . 0. 8 - 3 . 0mm
Mean, 1 .8 8 -0 .05 Mean. 1 .91 -0 .05 Mean. 1. 61-0 .05
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FIGURE 39. Unenveloped v irus  p a r t ic le s  are seen in the nucleus 
X 60,000.
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FIGURE 4 0 . In the cytoplasm, many enveloped v i rus  p a r t i c l e s  are  
seen in groups In e le c t ro n  dense matr ices .  X 32,000
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F IGURE 4 l . E x t r a c e l l u l a r  v irus  p a r t i c l e s  are seen along 
the c e l l  surface membrane. X 60,000
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FIGURE 4 2 . Unenveloped v i r u s  part ici  es are seen in the 
nucleus.  X 40 ,000 .
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FIGURE 43. Three groups of v i rus  p a r t i c l e s  are seen in e lec tron  
dense matr ices .  Virus p a r t i c l e s  are a lso  seen in cytoplasmic  
vacuoles.  X 40,000 .
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FIGURE 4 4 . Virus p a r t i c l e s  are  seen in t ra n u c le a r l  y and,  
e x t r a c e l 1u l a r l y , a t  the c e l l  surface membrane. X 40,000,
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FIGURE 45. In t ranuc lear  v irus  p a r t i c l e s ,  with dense cores,  
are seen in an e le c t ron  dense. X 120,000.
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FIGURE 4 6 . E x t r a c e l l u l a r  v irus  p a r t ic le s  are seen along the 
ce l l  surface membrane and in tracytopi  asmic v irus  p a r t i c le s  are  
seen in vacuoles.  X 40 ,000 .
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FIGURE 47. Virus p a r t i c l e s  are seen at  the surface of 2 c e l l s  and 
w ith in  the nucleus of  the c e l l  on the r i g h t .  X 40,000 .
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DISCUSSION
The morphological  fe a tu re s  of  the plaques produced by the  
S t r lc h e n ,  Colorado and Oxford s t r a in s  of  IBR v i ru s  were i d e n t i c a l .  On 
average the plaques produced by the Oxford s t r a i n  o f  1 BR v i ru s  were 
s i g n i f i c a n t l y  smal ler  than those o f  the S tr ichen  and Colorado s t r a in s  
whereas the mean s iz e  of  the Colorado and S tr lchen  plaques were s i m i l a r .  
These re s u l ts  appear to  support the in v iv o  p a th o g e n ic i ty  experimental  
f in d in g s  (Chapter 5) in which I t  was found th a t  the Oxford s t r a in  was the  
l e a s t  pathogenic of  the 3 s t r a i n s .  This is in keeping w i th  the f in d in g s  
o f  Ormerod and J a r r e t t  (1977) and Rapp (1963) found th a t  small plaque  
v a r ia n t s  of  f e l i n e  cal ic i  v i ru s  and herpes simplex v i ru s  r e s p e c t iv e ly  were 
less pathogenic than v a r ia n t s  i s o la te d  from la rg e r  plaques.  On the  
other  hand, Holmes, Kemen and Joubert  (1979) found t h a t  plaques formed 
by the modif ied l i v e ,  v i ru s  vaccine der ived  from the R-ACH equine  
herpesvirus  1 were com parat ive ly  l a r g e r  than several  f i e l d  s t r a i n s .
The ra te  of  v i rus  m u l t i p l i c a t i o n  and re lease  may a lso  be 
r e la t e d  to  the v i r u le n c e  of  the v i ru s  (Buening and G ratzek ,  1967) as 
these may in d ic a te  the r a p i d i t y  w i th  which the v i ru s  is able  to  spread 
w i t h i n  the an imal .  In these s tu d ie s ,  both the e x t r a c e l l u l a r  and 
i n t r a c e l l u l a r  v i ruses  appeared at  8 hours post in o c u la t io n .  This  
observat ion  was f u r t h e r  confirmed in the  e le c t r o n  microscopic  studies  
in which the v i r u s  was f i r s t  seen in the nucleus at  8 hours post 
i n f e c t i o n  as was a lso  observed by Jasty  and Chang (1 972 ) .  The v i r a l  
y i e l d  per c e l l  was h ighest  w i th  the S tr ichen  v i r u s  fo l lowed by the  
Colorado v i ru s  and Oxford v i r u s  produced the le a s t  amount o f  v i ru s  per 
c e l l .  This  again is c o n s is te n t  w i th  the f in d in g  t h a t  the Oxford v i r u s  
was found to be the l e a s t  pathogenic o f  the 3 v i ru s e s .
Results  of  the v i r u s  n e u t r a l i s a t i o n  studies of  the 3 s t r a in s  
in d ica ted  th a t  they are  r e la t e d  since  a l l  were n e u t r a l i s e d  by the  
d i f f e r e n t  a n t i s e r a .  That the  S t r ich en  ra b b i t  a n t i  serum n e u t r a l i s e d  
the heterologous v i ruses  much f a s t e r  than the homologous v i ru s  is 
u n l i k e l y  to  be c o i n c i d e n t a l ,  but ra th e r  a property  o f  the S tr ichen  v i ru s  
i t s e l f  since antiserum produced in the bovine produced id e n t ic a l  r e s u l t s  
even when repeated several  t imes.  This observat ion  is s im i l a r  to  th a t  
o f  Buening and Gratzek  (1967) who found th a t  an a n t i  serum to  the  
ISU-IBR-1 v i r u s  n e u t r a l i s e d  the heterologous v i r u s  a t  a f a s t e r  r a te  than 
the  homologous v i r u s .  With each of  the  3 v i r u s  s t r a i n s ,  a shoulder was
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present în the n e u t r a l i s a t i o n  curve ,  suggesting th a t  n e u t r a l i s a t i o n  
r e s u l t s  from a m u l t i - h i t  process.  Evidence fo r  th is  has now been 
obta ined fo r  a number o f  v i r u s e s ,  not only fo r  a study o f  n e u t r a l i s a t i o n  
k i n e t i c s  alone (Westaway, 1965; D e l la - p o r t a  and Westaway, 1977) but a lso  
q u a n t i t a t i v e  p r e c i p i t a t i o n  experiments ind ica ted  th a t  more than one 
antibody  molecule a ttaches  before  n e u t r a l i s a t i o n  takes place  (Rappaport,  
1970) .  Studies w i th  ra d io la b e le d  a n t i v i r a l  immunoglobulins a lso  
suggested tha t  more than one antibody a ttaches before  n e u t r a l i s a t i o n  is  
detected (Rowlands, 1967; Oldstone,  Cooper and Larson, 197 4 ) .  However 
with  the S tr lchen  v i r u s ,  the shoulder was more pronounced than w i th  the  
other  2 s t r a i n s .  This would suggest th a t  the S t r ichen  v i ru s  possesses 
more c r i t i c a l  s i t e s  w i th  which an t ib o d ie s  can react before  n e u t r a l i s a t i o n  
is complete. Another p o s s i b i l i t y  is th a t  several  successive but 
d i f f e r e n t  events may be necessary f o r  the n e u t r a l i s a t i o n  o f  1BR v i r u s ;  
some s t r a in s  may be n e u t r a l is e d  more e f f i c i e n t l y  than others  in the  
absence of  complement. For example,  n e u t r a l i s a t i o n  o f  the S tr ichen  
v i ru s  may be more complement dependant than t h a t  of  the o ther  s t r a in s  
used in these s tu d ie s .  i f  so, t h i s  is one possib le  exp la n a t io n  fo r  the
shoulder in the curve .  This hypothesis remains to be examined
experimenta l  1 y .
That the S t r ichen  v i r u s  is n e u t r a l is e d  less e f f i c i e n t l y  than 
the other  2 v i ruses  by a n t i - S t r i c h e n  an t i  serum might be very important  
in the  epidemiology o f  iBR v i r u s .  i t  is  conceivable  t h a t  because o f  
t h i s ,  the S tr ichen  v i ru s  is ab le  to spread r a p id ly  in the a f fe c te d  
animal to  in f e c t  la rg e  numbers of  c e l l s  and to  produce a disease which is 
more severe and more prolonged than th a t  associated w i th  e i t h e r  the  
Colorado or Oxford s t r a i n s .
These s tud ies  have confirmed th a t  the n e u t r a l i s a t i o n  constants  
o f  the S t r iche n  s t r a i n  d i f f e r e d  from those o f  the Colorado end Oxford 
s t r a i n s .  This  d i s t i n c t  b io lo g ic a l  c h a r a c t e r i s t i c  would in d ic a te  th a t  
the S t r ich e n  s t r a i n  d i f f e r s  from the o ther  2 s t r a in s  in minor a n t ig e n ic  
components which may be r e la t e d  to  the s e v e r i t y  of  both f i e l d  and the  
e x p e r im e n t a l ly  produced d isease .
STUDIES ON SEVERE 
INFECTIOUS BOVINE RHINOTRACHEITlS 
IN BRITAIN
TWO VOLUMES
VOLUME 2
by
PETER M. MSOLLA, B . V . M . , D.T.V.M,
Thesis submitted f o r  the degree o f  Doctor o f  
Philosophy in the F a cu l ty  o f  V e t e r in a r y  Medic ine ,  
Department o f  V e t e r in a r y  M edic ine ,  U n i v e r s i t y  o f  
Glasgow.
November, 1979.
/ h e s i s  
C ù p ^  2  .
V û l . 3 . 3
GLASGOW
TABLE OF CONTENTS
VOLUME 2
PAGE
Table o f  C o n t e n t s ......................................   î î - î x
L i s t  o f  Figures .............................  . . . . . . . . . . . .  x - x i v
L i s t  o f  Tables .................................     xv
CHAPTER 5
EXPERIMENTAL STUDIES WITH THE VIRUS OF 
INFECTIOUS BOVINE RHINOTRACHEITIS
PAGE
in t ro d u c t io n  145-148
Sect ion 1 . The e f f e c t  of  bovine r e s p i r a t o r y  t r a c t  of  
i n f e c t i o n  w i th  the S t r iche n  s t r a i n  o f  in fe c t io u s  
bovine r h i n o t r a c h e i t i s  v i r u s .
M a t e r i a l s  and Methods 149-151
Results  152-179
Sect ion 2 . ( i )  The e f f e c t  on the bovine r e s p i r a t o r y
t r a c t  of  i n f e c t i o n  w i th  the Colorado s t r a i n  o f  
I n fe c t io u s  bovine r h i n o t r a c h e i t i s .
M a t e r i a ls  and Methods 1 80
Results  1 81 -1 85
( t i )  The e f f e c t  on the bovine r e s p i r a t o r y  
t r a c t  o f  in f e c t i o n  w i th  the Oxford s t r a i n  of  
I n f e c t io u s  bovine r h i n o t r a c h e i t i s .
M a t e r i a l s  and Methods 186
Results  1 87 -1 90
Section 3 . The e f f e c t  on bovine reproduct ive  t r a c t
in f e c t i o n  w i th  the S t r ic h e n  s t r a i n  o f  in fe c t io u s  
bovine r h i n o t r a c h e i t i s  v i r u s .
M a t e r i a l s  and Methods 191
Results  192-195
Section 4 . The e f f e c t  o f  i n f e c t i o n  w i th  Dictyocaul us
v i v i parus la rv a e  on s t i r k s  which had recovered  
from an experimenta l  i n f e c t i o n  w i th  the S t r ich en  
s t r a i n  o f  i n f e c t io u s  bovine r h i n o t r a c h e i t i s  v i r u s .
M a t e r i a l s  and Methods 196
Results  197-202
i i
PAGE
Section 5 . The e f f e c t  o f  in t ranasa l  cha l lenge  w i th  
the S tr ichen  s t r a i n  o f  in fe c t io u s  bovine  
r h i n o t r a c h e i t i s  v i ru s  on "pneumovac p lus ” 
vacc in ated  animals .
M a t e r i a l s  and Methods 203-204
Results  205-207
Discussion 208-214
CHAPTER 6
DIFFERENTIAL DIAGNOSIS OF INFECTIOUS BOVINE RHINOTRACHEITIS
In t ro d u c t io n  215
Discussion 215-226
GENERAL DISCUSSION 227-237
11 I
APPENDIX 1
PAGE
Outbreak 1 238
Outbreak 2 239-241
Outbreak 3 242-244
Outbreak 4 245-247
Outbreak 5 248-249
Outbreak 6 250-251
Outbreak 7 252-254
Outbreak 8 255-257
Outbreak 9 258-260
Outbreak 10 261-263
Outbreak 11 264-265
Outbreak 12 266-268
Outbreak 13 269-271
Outbreak 14 272-273
Outbreak 15 274-276
i v
APPENDIX 2
PAGE
A b b re v ia t ions  277
Tab! e 1 . The r e s u l t s  of  the survey on the prevalence  
o f  n e u t r a l i s i n g  a n t ib o d ies  to  in fe c t io u s  
bovine r h i n o t r a c h e i t i s  v i r u s  in the Grampian 
reg io n .  278-279
Table  2 . The re s u l ts  o f  the survey on the prevalence  
of  n e u t r a l i s i n g  a n t ib o d ies  to  in fe c t io u s  
bovine r h i n o t r a c h e i t i s  v i ru s  in the
S t ra th c ly d e  reg io n .  280-283
Table 3 . The r e s u l t s  of  the survey on the prevalence  
of  n e u t r a l i s i n g  a n t ib o d ie s  to  in fe c t io u s  
bovine r h i n o t r a c h e I t i s  v i ru s  in the C e n t r a l ,
Highland and Galloway reg ions ,  284
APPENDIX 3
PAGE
Tabie 1 , Results  of  n e u t r a l i s a t i o n  o f  the S tr ichen  
r a b b i t  antiserum w i th  the  S t r ichen  s t r a i n  
o f  i n f e c t io u s  bovine r h i n o t r a c h e i t i s  v i r u s .  285
Table 2 . Results  o f  n e u t r a l i s a t i o n  o f  S tr ichen  r a b b i t  
antiserum w i th  the Colorado s t r a i n  of
in fe c t io u s  bovine r h i n o t r a c h e i t i s  v i r u s .  285
Table  3 . Resul ts  o f  n e u t r a l i s a t i o n  o f  S tr ichen ra b b i t  
ant iserum w i th  Oxford s t r a i n  of  in fe c t io u s  
bovine r h i n o t r a c h e i t I s  v i r u s .  285
Table  4 . Results  of  n e u t r a l i s a t i o n  o f  S tr ichen bovine  
ant iserum w i th  the S tr ichen  s t r a i n  o f  .
i n f e c t io u s  bovine r h i n o t r a c h e i t i s  v i r u s .  286
Table 5 . Resu l ts  o f  n e u t r a l i s a t i o n  of  S tr ichen  bovine  
antiserum w i th  the  Colorado s t r a i n  o f
In f e c t io u s  bovine r h i n o t r a c h e i t i s  v i r u s .  286
Table 6.  Results  o f  n e u t r a l i s a t i o n  of  S t r iche n  bovine  
antiserum w i th  the Oxford s t r a i n  of
in f e c t i o u s  bovine r h i n o t r a c h e i t i s  v i r u s .  286
Table 7 . Results  of  n e u t r a l i s a t i o n  o f  Colorado r a b b i t  
a n t i  serum w i th  Colorado s t r a i n  o f  in fe c t io u s  
bovine r h i n o t r a c h e i t i s  v i r u s ,  287
Table  8 . Resu l ts  o f  n e u t r a l i s a t i o n  o f  Colorado r a b b i t  
antiserum w i th  S t r ich e n  s t r a i n  o f  in fe c t io u s  
bovine r h i n o t r a c h e i t i s  v i r u s .  287
Vi
PAGE
T a b l e  9 . R e s u l t s  o f  n e u t r a l i s a t i o n  o f  C o l o r a d o  r a b b i t
a n t i s e r u m  w i t h  O x f o r d  s t r a i n  o f  i n f e c t i o u s
b o v i n e  r h i n o t r a c h e i t i s  v i r u s .  287
Table 10 . Resul ts  of  n e u t r a l i s a t i o n  o f  Oxford r a b b i t  
a n t i  serum w i th  Oxford s t r a i n  o f  in fe c t io u s  
bovine r h i n o t r a c h e i t i s  v i r u s .  288
T a b l e l l . Results  o f  n e u t r a l i s a t i o n  of  Oxford r a b b i t
ant iserum w i th  S t r ich e n  s t r a i n  of  in fe c t io u s
bovine r h i n o t r a c h e i t i s  v i r u s .  288
Table  12 . Results  o f  n e u t r a l i s a t i o n  of  Oxford r a b b i t
a n t i  serum w ith  Colorado s t r a i n  of  in fe c t io u s
bovine r h i n o t r a c h e i t i s  v i r u s .  288
Vi !
APPENDIX 4
PAGE
A bb re v ia t io n s  289
Tabl 0 1 0 The d e t a i l s  o f  the c l i n i c a l  response f o l lo w in g
in t ran asa l  cha l lenge  o f  the 18 month old (Group A)
bu l locks  w i th  the S t r ic h e n  s t r a i n  o f  in fe c t io u s
bovine r h i n o t r a c h e i t i s  v i r u s .  290-293
Table 2 . The d e t a i l s  o f  the c l i n i c a l  response f o l lo w in g
in t ra n as a l  cha l lenge  o f  the 6 month old (Group B)
s t i r k s  w i th  the S t r ic h e n  s t r a i n  o f  in f e c t io u s
bovine r h i n o t r a c h e i t i s  v i r u s .  294-297
Table  3 . The d e t a i l s  o f  the  c l i n i c a l  response fo l lo w in g
in t ra n a s a l  cha l lenge  of  5 week old (Group C) 
calves  w i th  the  S tr ichen  s t r a i n  of  in fe c t io u s  
bovine r h i n o t r a c h e i t i s  v i r u s .  298-301
Table  4 . The d e t a i l s  o f  the c l i n i c a l  response fo l lo w in g
in t ra n as a l  cha l lenge  o f  the 2 week old  (Group D) 
calves  w i th  the S t r ichen  s t r a i n  of  in fe c t io u s  
bovine r h i n o t r a c h e i t i s  v i r u s .  302-305
Table 5 . The d e t a i l s  o f  the c l i n i c a l  response fo l lo w in g
in t ranasa l  cha l lenge  o f  6 month o ld  (Group E) 
s t i r k s  w i th  the Colorado s t r a i n  of. in fe c t io u s  
bovine r h i n o t r a c h e i t i s  v i r u s .  306-309
Table  6 . The d e t a i l s  o f  the c l i n i c a l  response f o l lo w in g
in t ra n a s a l  cha l lenge  o f  the 6 month old (Group F)
s t i r k s  w i t h  the Oxford s t r a i n  o f  in fe c t io u s
bovine r h i n o t r a c h e i t i s  v i r u s ,  310-313
v i i i
PAGE
Table 7 . The d e t a i l s  o f  the c l i n i c a l  response fo l lo w in g
in t r a v a g in a l  cha l lenge  o f  the 12 month old  
(Group G) h e i f e r s  w i th  the S tr ichen  s t r a i n  of  
i n fe c t io u s  bovine r h i n o t r a c h e i t i s  v i r u s .  314-317
Table 8 . The d e t a i l s  of  the c l i n i c a l  response f o l lo w in g
1 ungworm (_D. v i v i  parus) l a rv a e  in f e c t io n  of  
s t i r k s  (Group H) which had recovered from an 
exper imenta l  i n f e c t i o n  w i th  the S tr ichen  s t r a i n  
o f  in f e c t io u s  bovine r h i n o t r a c h e i t i s  v i r u s .  318-321
The d e t a i l s  o f  the c l i n i c a l  response fo l lo w in g  
in t ranasa l  cha l lenge  w i th  the S tr ichen  s t r a i n  
o f  in fe c t io u s  bovine r h i n o t r a c h e i t i s  v i r u s  on 
"Pneumovac Plus"  vacc in ated  animals (Group K) 322-325
REFERENCES
References 326-339
i x
LIST OF FIGURES
PAGE
FIGURE 52 . The mean t o t a l  w h i te  blood c e l l  and neutrophi l  
numbers on s p e c i f i c  days fo l lo w in g  chal lenge  
o f  3 groups o f  c a t t l e  w i th  the S tr lchen  s t r a i n  
of  in f e c t io u s  bovine r h i n o t r a c h e i t i s  v i r u s . 159
FIGURE 5 3 . Experimental  incontact  Case No. B6 w i th
marked widespread g ra n u la r  les ions to be seen 
in the c on junct iv a  and s c le r a .  There is a lso  
mucopurulent ocu la r  d ischarge. 163
FIGURE 5 4 . Sag i ta l  sect ion  of  experimental  Case No. B4 
i n fe c te d  w i th  IBR-Str ichen s t r a i n  and k i l l e d  
on day 6 p o s t - i n f e c t  ion.  There is necrosis  
o f  the v en t ra l  concha w i th  debri  l y in g  in the  
nasal passages. Many pe techia l  haemorrhages 
can be recognised throughout the  nasopharynx. 164
FIGURE 5 5 . Larynx and trachea  from experimental  Case
No, 64 k i l l e d  on Day 6 .  There is oedema and 
many small p e te ch ia l  haemorrhages. 165
FIGURE 5 6 . Scanning e le c t r o n  micrograph of the trachea
o f  Cast No. B4, The c i l i a  in the cen t re  have 
been destroyed by the v i r u s  exposing the ducts 
o f  the  submucosal g lands.  X 1 ,2 5 0 . 166
FIGURE 5 7 . Scanning e le c t r o n  micrograph o f  the trachea  
o f  exper imental  Case No. B4, Mucus can be 
seen coming out o f  the  submucosal gland duct 
X 5 ,0 0 0 . 167
FIGURE 5 8 . T r a c h e i t i s  w i th  n e u t r o p h i l i c  i n f i l t r a t i o n  o f  
lamina propr ia  and e p i th e l iu m .  Note the  
d i l a t a t i o n  o f  most o f  the  submucosal g lands.  
HE X n o . 1 6 9
PAGE
FIGURE 5 9 . Case No. C3 a t  day k p o s t - i n f e c t i o n  w i th  a 
profuse serous o c u la r  discharge th a t  las te d  
fo r  many days.  There Is a ls o  c o n j u n c t i v i t i s  
and c o n ju n c t iv a l  oedema, small g ranu lar  les ions  
are a ls o  e v id e n t . 171
FIGURE 6 0 . Experimental  Case No. C4, 8 days p o s t - I n f e c t  ion 
w ith  IBR-Str ichen  s t r a i n .  There is a profuse  
seromucoid nasal d ischarge and a serous ocu lar  
d ischarge ,  which has matted the h a i r  on the an im a l 's  
fa c e .  172
FIGURE 6l . Sag i ta l  sect ion  o f  the head of  Case No. C3 
a t  day 4 p o s t - i n f e c t I  on w i th  much n e c ro t ic  
debr is  ly in g  in the nasal passages. There  
is mucosal oedema and severe congestion w i th  
a few pe tech ia l  haemorrhages in the nasopharynx. 173
FIGURE 6 2 . Case No. C3 a t  day 4 p o s t - i n f e c t i o n ,  w i th  an 
accumulation o f  t h i c k  mucus in the area o f  
C a r i n a . 174
FIGURE 6 3 . Case No. C3 a t  day 4 p o s t - i n f e c t i o n ,  w i th  a
m i ld  inf lammatory re a c t io n  and s l i g h t  hyperp las ia  
o f  the e p i th e l iu m  of  the nasal conchae,
HE X 250. 175
FIGURE 6 4 . Case No. C3 a t  day 4 p o s t - i n f e c t i o n ,  w i th
l a r y n g i t i s  c h a ra c te r is e d  by moderately  severe  
accumulation o f  lymphocytes forming d is c r e t e  
aggregates; the glands are  s l i g h t l y  d i l a t e d .  
HE X 110. 176
X I
PAGE
FIGURE 6 5 . The trachea in Case No. C3- There is a 
moderately  severe t r a c h e i t i s  w i th  much 
inf lammatory exudate in the lumen. The 
submucosal glands are d i l a t e d  and some are  
surrounded by lymphocytes.  HE X 110. 177
FIGURE 6 6 . Case No, E l ,  4 days p o s t - i n f e c t  ion,  w i th  the  
Colorado s t r a i n  o f  IBR; the re  is a 
mucopurulent nasal discharge which is mostly  
un i 1a t e r a l . 183
FIGURE 6 7 . Case No. El a t  4 days p o s t - i n f e c t i o n ,  w i th  
mucus exudate in the t ra c h e a . 184
FIGURE 6 8 , Case No. E l ,  4 days p o s t - i n f e c t i o n  w i th  the
Colorado s t r a i n  o f  IBR showing oedema and many 
petech ia l  haemorrhages in the la rynx  and trachea 185
FIGURE 6 9 . S ag i ta l  sec t ion  o f  the head o f  Case No. F3,
4 days p o s t - i n f e c t i o n  w i th  Oxford s t r a i n  o f  IBR; 
there  a re  no v i s i b l e  macroscopic le s io n s . 189
FIGURE 7 0 . Larynx and trachea o f  Case No. F3 w i th  a small 
number o f  p in - p o in t  haemorrhages in the  
a n t e r i o r  p o r t io n  o f  the t ra ch ea . 190
FIGURE 71
FIGURE 72,
The p o s t e r io r  vagina o f  a h e i f e r  2 days post ­
i n f e c t i o n  by the in t r a v a g in a l  route w i th  the  
S tr ich e n  s t r a i n  of  i n f e c t io u s  bovine  
r h i n o t r a c h e i t i s  v i r u s .  There is congestion  
and numerous pustules on the vagina l  mucosa.
The p o s t e r io r  vagina o f  a h e i f e r  3 days post-  
i n f e c t i o n  by the In t ra v a g in a l  route  w i th  the  
S tr ich e n  s t r a i n  o f  in fe c t io u s  bovine  
r h i n o t r a c h e i t i s  v i r u s .  There is congestion,  
numberous pustu les  (1 -2mm in diameter)  and a 
mucopurulent d ischarge on the f l o o r  o f  the vag ina .
194
195
XI I
FIGURE 73 . Case No. H4, a recovered iBR case,  17 days 
a f t e r  cha l lenge  w i th  D î ctyocaulus  v l v ! parus 
l a r v a e .  S ag i ta l  sec t ion  of  the head w i th  
severe pe tech ia l  haemorrhages throughout the  
nasal passages and pharynx.
PAGE
200
FIGURE 7 4 . A recovered case o f  IBR No. H4, 17 days a f t e r  
cha l lenge  w i th  Pi c tyocaulus  v i v i  parus l a r v a e .
The la ry n x  and trachea have oedema in the mucous 
membrane and th e re  is severe haemorrhage in the  
a n t e r i o r  p o r t io n  o f  the t rachea . 201
FIGURE 75 . Case No. H4, 17 days a f t e r  chal lenge w i th  
Pi ctyocaulus  v i v i parus l a r v a e ;  a l a rg e  
number of  1ungworms a re  l y in g  w i t h in  a major  
bronchus. 202
FIGURE 76 . A c lo se -up  view o f  the nose o f  a s t i r k
vacc inated  w i th  Pneumovac and chal lenged w i th  
the  S t r ich en  s t r a i n  o f  In fe c t io u s  bovine  
r h i n o t r a c h e i t i s  v i ru s  6 weeks l a t e r .  Note 
the d i p h t h e r i t i c  les io n s  on the mucosa of  the  
nasal septum. 206
FIGURE 7 7 . A c lo se -up  view o f  the muzzle o f  a s t i r k
s u f f e r i n g  from mucosal d isease.  Crus t ing  of  
the muzzle and a b i l a t e r a l  mucopurulent nasal 
discharge can be seen. 222
FIGURE 78 . A c lo se -up  view o f  the muzzle o f  an animal
s u f f e r i n g  from mucosal d isease.  A moderate  
amount o f  f r o t h y  s a l i v a  can be seen d roo l ing  
from i t s  mouth. E ncrus ta t ion  o f  th e  muzzle 
can be observed p a r t i c u l a r l y  a t  the  sk in -m uzzle  
j u n c t  ion. 223
x i l i
PAGE
FIGURE 79 . A c lo se-up view of  the head of  an animal 
s u f f e r in g  from malignant c a ta r rh a l  f e v e r .
S wel l ing  o f  the e y e l id s  and k e r a t i t i s  can be 
seen. There is a profuse b i l a t e r a l  mucopurulent  
nasal d ischarge w i th  cracking o f  the muzzle.  
Drool ing of  s a l i v a  is  a lso  e v id e n t . 224
FIGURE 8 0 . A c lose -up  view o f  the eye o f  a Hereford
cross h e i f e r  s u f f e r i n g  from p h o to s e n s i t is a t io n .  
There is c o n j u n c t i v i t i s ,  erosion of  the  
e p i th e l iu m  and around the eye p a r t i c u l a r l y  a t  
the medial canthus and profuse 1achrymatI on. 
Note the re  is no k e r a t i t i s . 225
FIGURE 8 l . A c lose-up view o f  the head o f  a Hereford
cross h e i f e r  s u f f e r in g  from p h o to s e n s i t is a t io n .  
There is profuse lachrymat ion r e s u l t in g  in 
matt ing  the h a i r  on the  r i g h t  cheek.  The 
surface  e p i th e l iu m  o f  the  muzzle has cracked  
and has peeled o f f  r e v e a l in g  subepît h e l îa l  
t i s s u e s .  A s l i g h t  serous nasal discharge is 
a ls o  e v i d e n t . 226
x i v
LIST OF TABLES
PAGE
TABLE 2 4 . A summary o f  the main d e t a i l s  in experimental  
studies  w i th  i n f e c t io u s  bovine r h i n o t r a c h e i t i s  
v i r u s .  147-148
TABLE 25 . The mean t o t a l  w h i te  blood c e l l  and neutrophi l  
numbers on s p e c i f i c  days fo l lo w in g  the  
chal lenge  o f  d i f f e r e n t  age groups o f  c a t t l e  
w ith  the S t r ich en  s t r a i n  o f  in fe c t io u s  bovine  
r h i n o t r a c h e i t i s  v i r u s . 154
TABLE 2 6 . The r e s u l t s  of  examinat ion o f  swabs and t is sue s  
fo r  v i r u s  from the e x p e r im e n ta l ly  in fe c ted  
animals w i th  the v i r u s  o f  in fe c t io u s  bovine  
r h Î n o t r a c h e i t  is . 155-158
FIGURE 27 . The amount o f  l i v e  and i r r a d i a t e d  t h i r d  stage  
1ungworm la r v a e  given to each in d iv id u a l  animal 199
TABLE 2 8 . The e f f e c t s  o f  c ha l lenge  w i th  the S t r iche n  
s t r a i n  o f  in fe c t io u s  bovine r h i n o t r a c h e i t i s  
v i r u s  on 7 c o n t r o l ,  4 vaccinated and 4 recovered  
cases o f  i n f e c t io u s  bovine r h i n o t r a c h e i t i s . 207
TABLE 2 9 . The d i f f e r e n t i a t i o n  o f  in fe c t io u s  bovine
r h i n o t r a c h e i t i s  from o ther  s im i l a r  c o n d i t io n s . 220-221
XV
CHAPTER 5
EXPERIMENTAL STUDIES WITH THE VIRUS OF 
INFECTIOUS BOVINE RHINOTRACHEITIS
INTRODUCTION
The f u l f i l m e n t  of  Koch's pos tu la tes  (1884) provides conf i rm at io n  
th a t  a micro-organism, which has been iso la te d  from a s ick  animal s u f f e r in g  
from a h i t h e r t o  unrecognised syndrome, is indeed the causal agent .  Calves 
exposed to BHV 1, under c o n t r o l l e d  c o n d i t io n s ,  have developed ty p ica l  
c l i n i c a l  and c h a r a c t e r i s t i c  pa tho log ica l  fea tu re s  (McKercher and o th e rs ,  
1955; Webster and Hanktelow, 1959; A b i nanti and Plumer,  1961; Hughes 
and o th e rs ,  1964; Harkson and Derbysh ire ,  1966)„ However, the s e v e r i t y  
of  the c l i n i c a l  response and the ex ten t  of  the pa tho log ica l  les ions  were 
much less severe In the experimental  than in the f i e l d  d isease.  The 
major c l i n i c a l  and pa tho log ica l  fe a tu re s  of  the experimental  disease have 
been summarised in Table 24.
In a d d i t io n  to cha l leng ing  c a t t l e  w i th  the IBR v i r u s  by natura l  
routes of  i n f e c t i o n ,  such as the in tranasa l  and i n t r a - o c u l a r  routes ,  
experimental  stud ies have a ls o  revealed th a t  th is  v i ru s  w i l l  a ls o  produce 
IPV when inocula ted in t ra v a g i  na i l  y (McKercher and o th e rs ,  1959).  However, 
r e s p i r a t o r y  t r a c t  i s o la te s  appear to produce less  severe signs than vaginal  
i s o la te s  when inocula ted  i n t r a v a g I n a l 1 y . S i m i l a r l y ,  vaginal  is o la te s
tend to produce m i lder  r e s p i r a t o r y  disease than r e s p i r a t o r y  i s o la te s  when 
given i n t r a n a s a l l y  (McKercher and o th e r s ,  1959).  I t  was deduced th e r e fo r e  
th a t  i s o la t e s  v a r ie d  in t h e i r  a f f i n i t y  fo r  d i f f e r e n t  t i s s u e s .
In common with  many o ther  herpes v i ru s e s ,  a s ta te  of  la tency  
can develop fo l lo w in g  a pr imary  in f e c t i o n  w i th  5HV 1 (Gibbs and Rweyemamu, 
1977 ) .  When recovered c a t t l e  are  s t ressed ,  the v i r u s  can be r e a c t i v a t e d  
and i t  has been shown to  be excre ted  i n t e r m i t t e n t l y  fo r  up to  578 days 
post i n f e c t i o n  ( p . i . )  (Snowdon, 1965 ) .  The r e a c t i v a t e d  v i r u s  may then 
give  r i s e  to  the acute c l i n i c a l  syndrome in su scept ib le  incontact animals .  
This phenomenon of v i r u s  r e a c t i v a t i o n  has a ls o  been produced a r t i f i c i a l l y  
f o l lo w in g  several  successive d a i l y  treatments  w i th  c o r t i c o s t e r o i d s  
(Sheffy  and Davies,  1972; Sheffy  and Rodman, 1973) .  Under f i e l d  
cond i t ions  natura l  s tress  fa c to r s  which have been confirmed as inducing  
v i r u s  r e a c t i v a t i o n  and e x c re t io n  inc lude pregnancy (Snowdon, 1965) and 
caesar ian  sect ion  (tomba and o t h e r s ,  1976 ) ,  Another example v/as 
demonstrated by Mensik, P o s p is i l ,  Suchankora, Cepîca,  Rozkosny and 
Machatkova (1976) who chal lenged recovered cases o f  IBR w i th  bovine  
p a ra in f lu e n z a  type 3 v i r u s .  The calves  developed ty p ic a l  signs o f  acute  
r h i n o t r a c h e Î t i s  3 to  5 days p o s t -c h a l le n g e .  Since i n f e s t a t i o n  w i th  the  
lungworm, D ic tyocaulus  v i v i p a r u s , is very  common in B r i t a i n ,  i t  was decided
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to  as s a u l t  recovered cases o f  IBR w i th  t h i s  p a r a s i te  in order to  
determine whether or not t h i s  form o f  na tura l  cha l lenge  could be an 
important f a c to r  in the d issem inat ion  of  i n f e c t i o n .
In North America where IBR is endemic, e f f e c t i v e  prevention  
o f  disease depends upon a regime o f  re g u la r  v a c c in a t io n .  I t  has been 
confirmed t h a t ,  modif ied  l i v e  v i r u s  (MLV) vaccines are  more e f f i c i e n t  
than in a c t iv a te d  vaccines in p r o te c t in g  aga ins t  natura l  chal lenge  
(Bartholomew, 1973 ) .  At present in the United Kingdom, in a c t iv a te d  
v i r u s  vaccines only  can be used in c a t t l e .  As a r e s u l t  of  the ever  
increasing  demands o f  both farmers and general  p r a c t i t i o n e r s  regarding  
advice  on the contro l  of  IBR, i t  was decided to t e s t  the e f f i c a c y  o f  the  
only  vaccine which conta ins  IBR ant igens  and which is c u r r e n t l y  
a v a i l a b l e  in t h i s  country (Pneumovac Plus; C - V e t . ,  Bury S t ,  Edmunds, 
E n g land) . This is a pen tava len t  vacc ine  which a lso  conta ins  ant igens  
der ived  from bovine p a ra in f lu e n z a  type 3 v i r u s ,  bovine adenovirus 3, 
bovine reov i rus  1 and bovine v i r a l  d ia rrhoea  v i r u s .
The aims o f  t h i s  exper imenta l  i n v e s t ig a t io n  w e r e : -
1) To study the p a th o g e n ic i ty  of  the most recent IBR v i ru s
i s o l a t e  (S tr ichen  s t r a i n ) .
2) To compare the p a th o g e n ic i ty  of  the Colorado and Oxford
IBR v i ru s  s t r a i n s .
3) To a s c e r ta in  whether the S t r ichen  s t r a i n  of  IBR v i ru s  could
produce in f e c t io u s  p u s tu la r  v u l v o v a g i n i t i s .
4) To study the e f f e c t  of  i n f e c t i o n  w i th  P ictyocaulus  v i v i parus 
on animals which had recovered from exper imental  i n f e c t i o n  w i th  
the S tr ichen  s t r a i n  o f  IBR v i r u s ,
5) To t e s t  the e f f i c a c y  of  the vacc ine ,  Pneumovac P lus,  aga ins t
chal lenge  w i th  the S t r ic h e n  s t r a i n  of  IBR v i r u s .
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SECTION I
THE EFFECT ON THE BOVINE RESPIRATORY TRACT OF INFECTION WITH THE STRICHEN 
STRAIN OF INFECTIOUS BOVINE RHINOTRACHEITIS VIRUS
MATERIALS AND METHODS
Experimental  animals
Four d i f f e r e n t  age groups (A, B, C and D) o f  c a t t l e  each 
comprising o f  4 animals were used in these experiments.  Thus in Group A, 
4 (A1, A2, A3 and A4) 18 month old F r i e s ia n  cross bul locks  were used,  
w h i le  in Group B, 4 (B1, B2, B3 and B4) 6 month old F r ie s ia n  crosses  
were used. In Group C, again 4 (C l ,  C2, C3 and C4) 5 week old A y rsh i re  
cross calves  and in Group D, 4 (01,  02, 03 and 04) 2 week old A yrsh ire  
cross calves  were used.
In a d d i t io n  to the 4 s t i r k s  in Group B two more (85 and B6)
6 month o ld  F r ie s ia n  crosses were used as incontact  animals .
Hous inq
Ouring the t ime of t h i s  exper iment ,  the animals were housed in 
w e l l - v e n t i l a t e d  loose-boxes which measured 15* x 15* x 9 * .  In a d d i t io n  
to  the straw bedding,  calves  o f  less than 3 weeks o f  age (Group D) had 
t h e i r  boxes heated w i th  i n f r a - r e d  lamps during the severe cold w i n t e r .
Feedi ng
The calves  f o r  these experiments were bought in to  the v e t e r i n a r y  
school when they were approximate ly  1 week o ld .  On a r r i v a l ,  they were 
fed approximate ly  8 p in ts  o f  f res h  pre-warmed m i lk  tw ice  d a i l y  (morning 
and evening) fo r  up to  2 weeks. From the age of 3 weeks, the calves  
rece ived 12 p in ts  of  m i lk  a day and had ad l i b i t u m  access to c a l f  penc i ls  
(BOCM-Si1 cocks, England) .  This regime was fo l lowed u n t i l  the animals  
were 8 weeks o f  age,  a f t e r  which they were given concentrates  (2 -3  lb s .  
per day) and hay ad l i b i t u m .  Older bul locks rece ived 4 lbs of  low 
p ro te in  d a i ry  concentra te  cake (BOCM-Si1 cocks, England) once d a i l y  and 
hay ad 1 î b î turn.
Challenge procedure
P r io r  to  chal lenge  the animals were l e f t  to  become a c c l im a t is e d  
in the boxes fo r  a minimum per iod  of  7 days.  The v i r u s  used v;as the
S tr iche n  i s o l a t e ,  i . e .  the i s o la t e  from f i e l d  outbreak 1 which had been 
grown and stored as descr ibed in d e t a i l  in Chapter 2, Each animal was 
challenged i n t r a n a s a l l y  w i th  a t i s s u e  c u l t u r e  suspension 
( t i t r e  = lO^ '^TCID^g/ml) .  A 6 inch long s t e r i l e  p l a s t i c  c anu l la  was 
f i t t e d  to  the t i p  o f  a dropper syr inge and 1.0ml o f  t i s s u e  c u l tu r e  
suspension was inocula ted  in to  each n o s t r i l .  Afterwards  the c a l f ' s  head 
was held in an upward p o s i t io n  fo r  roughly 1 minute to  ensure maximal 
v i r a l  r e t e n t i o n .
In experiment 2 the incontact  animals ,  (B5 and B 6 ) , were put 
i n to  the same box as animals B2 and' B3 on day 6 p . i . .
C l i n i c a l  examination
The animals were subjected to  a thorough c l i n i c a l  examination  
tw ice  d a i l y  fo r  7 days p r io r  to  ch a l len g e .  This examinat ion ,  which was 
done in the morning (9.00am) and a f te rnoon (4.00pm) , included the checking  
o f  demeanour, a p p e t i t e ,  re c t a l  temperature ,  pulse r a t e ,  r e s p i r a t o r y  r a t e ,  
a u s c u l ta t io n  of  the thorax  and evidence of ocular  and nasal l e s io n s .
A f t e r  c h a l le n g e ,  the animals were subjected to  a ro u t in e  
c l i n i c a l  examinat ion tw ice  d a i l y  as descr ibed above fo r  a period of  14 
days and t h e r e a f t e r ,  every o ther  day fo r  up to 21 days p . i . .
Haematoloqical  examinat ion
During the week p r i o r  to  cha l len g e ,  blood was c o l le c t e d  from 
the j u g u l a r  vein  in to  v ac u ta in e rs  conta in ing  potassium diamine  
t e t r a - a c e t i c  acid  (EDTA) on 3 occasions.
A f t e r  ch a l le n g e ,  blood was c o l le c t e d  in a s i m i l a r  manner d a i l y  
f o r  14 days.  The packed c e l l  volume (PCV) was e s ta b l is h ed  by the 
m icro -haem atocr i t  technique ( F i s h e r , 1962 ) ,  w h i le  the t o t a l  number of  
leucocytes was found by using a model D-C oul te r  Counter (Coulter  
E le c t r o n ic s  L t d . ,  Dunstable,  Beds). The d i f f e r e n t i a l  whi te  c e l l  counts 
were made on Le ishman-sta ined blood f i lm s  and 200 c e l l s  were counted.
Patho log ica l  examination
At var ious  i n t e r v a l s  a f t e r  cha l le n g e ,  as w i l l  be shown in d e t a i l  
In the r e s u l t s ,  animals in each group, a par t  from Group A, were 
slaughtered  fo r  pa tho log ica l  and v i r o l o g i c a l  examinat ions.
The d e t a i l s  o f  the r o u t in e  f o r  the pa tho log ica l  examinat ion  
was s i m i l a r  to  t h a t  a l re a d y  described in Chapter 2. Specimens from the
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trachea o f  Group B animals were taken f o r  d e t a i l e d  s tud ies  using scanning 
e le c t r o n  microscope (SEN). The t is su e s  were f i x e d  in 3 per cent 
gl u ta ra l  dehyde, dehydrated in increas ing concentra t ions  o f  acetone and 
t r a n s f e r r e d  to  l i q u i d  Co^ f o r  c r i t i c a l  po in t  d ry in g .  The d r ie d  specimens 
were mounted on aluminium stubs,  s p u t te r  coated w i th  gold and examined w i th  
a P h i l l i p s  50 IB scanning e le c t r o n  microscope.
S ero log ica l  examination
Blood f o r  serology was c o l le c t e d  in to  v ac u ta ine rs  not c onta in ing  
any a d d i t i v e  in the same manner and a t  the  same t ime as the samples fo r  
haematological  examinat ion.  They were stored overn ight  a t  4°C and, a f t e r  
being spun a t  1300g fo r  30 minutes,  the serum was separated from the blood 
c l o t  using a rubber t e a t  and pasteur p i p e t t e .  The serum was placed in a 
water bath a t  56°C fo r  30 minutes,  l e f t  to  cool and t h e r e a f t e r  stored a t  
“20°C u n t i l  req u i re d .  S p e c i f i c  ant ibody screening fo r  IBR v i r u s  was 
undertaken by the constant  v i r u s - v a r y i n g  serum d i l u t i o n s ,  serum 
n e u t r a l i s a t i o n  t e s t  using f l a t -b o t to m e d  m i c r o t i t r a t i o n  p l a t e s ,  as has 
a l re a d y  been described in d e t a i l  in Chapter 3.
During the week p r i o r  to  c h a l le n g e ,  serum from every animal was 
screened fo r  an t ib o d ies  to  IBR v i r u s .  A f t e r  c ha l lenge ,  blood samples 
were c o l le c t e d  d a i l y  from day 6 to 15 p . i .  and, t h e r e a f t e r ,  a t  weekly  
1n t e r v a l s .
V irus  i s o l a t i o n
P r io r  to  c h a l le n g e ,  nasal and oc u la r  swabs were taken using a 
cot ton  swab s t i c k - a p p l i c a t o r  (Exogen L t d . ,  Dumbarton Road, Glasgow, UK) 
on 2 occasions a t  2 -3  day i n t e r v a l s  to  check fo r  the presence of  IBR v i r u s .  
A f t e r  they had been taken the swabs were broken o f f  in to  v i ru s  t ra n s p o r t  
medium.
A f t e r  cha l le n g e ,  nasal and o cu lar  swabs were c o l le c t e d  d a i l y  
from day 4 to  day 15 p . i . .  Both swabs and t is s u e  specimens der ived  
from t is su e  o f  experimental  calves  taken a t  necropsy were t r e a t e d  in a 
s i m i l a r  manner as has a l re a d y  been descr ibed in d e t a i l  in Chapter 2.
Four secondary CK tubes were used fo r  every  specimen fo r  v i ru s  i s o l a t i o n .  
Inocu la ted  CK tubes were examined d a i l y  fo r  5 days fo r  evidence of  
cytopathogenÎ c i t y  before  a second passage was made. Passage was achieved  
by using whole c u l tu re s  a f t e r  f r e e z in g  ( -70^t )  and thawing.  Samples 
were discarded as negat ive  i f  a cytopathogenic  e f f e c t  had not developed 
by the f i f t h  day p . i .  of  t h i r d  passage tubes.
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RESULTS
Experiment 1. Group A b u l l o c k s .
C l i n i c a l  f e a t u r e s . The d e t a i l e d  c l i n i c a l  f ind ings  are  summarised in 
Appendix 4 ,  Table  1,
On day 3 p . i . ,  animals A 1 , A2 and A4 appeared du l l  and there  
was a s l i g h t  drop in the amount o f  food eaten by the group. There was 
moderate pyrex ia  (103-105°F) as \vel 1 as a s l i g h t  serous o cu lar  discharge  
as a r e s u l t  o f  a moderately severe c o n j u n c t i v i t i s .  There was s l i g h t  
b i l a t e r a l  serous nasal d ischarge .  By day 4 p . i . ,  a b i l a t e r a l  seromucoid 
nasal discharge and d i p h t h e r i t i c  les ions  had developed in the nasal  
mucosa o f  a l l  3 an imals .  in A2 numerous small haemorrhages were a lso
e v id e n t .  The 3 animals were tachypnoeic  (RR -  36-60/m in) and f re q u e n t ,  
s in g le  non-productive  coughs were observed. A l l  3 animals were seen to  
be droo l ing  s a l i v a .  The temperatures were back to w i t h i n  the normal 
range on day 5 p . i .  w h i le  most o f  the other  c l i n i c a l  signs had more or 
less  c le ared  by day 9 p . i . .  Drooling  of  s a l iv a  was observed from day 
3 to  6 p . i . .
Bul lock A3 was found to be s e ro p o s i t iv e  w i th  a t i t r e  of  1:12  
p r io r  to  chal lenge and the only  c l i n i c a l  response in t h i s  animal was a 
s l i g h t  serous nasal discharge and congestion of the nasal mucosa.
During t h i s  t im e ,  the temperature  remained w i t h in  the normal range.
On haematological  examinat ion neutropenia  developed in every  
animal f o l lo w in g  I n j e c t i o n .  The decrease in the number of  neu tro p h i ls  
was smal lest  in A3 which was s e r o p o s i t i v e  when exposed. The mean t o t a l  
white  blood c e l l  and neutroph i l  numbers on s p e c i f i c  days fo l lo w in g  
chal lenge  of the 3 seronegat ive  bu l locks  are  presented in Table 25 
During the f i r s t  8 days post exposure the decrease in the mean number 
of  n e u tro p h i ls  in these 3 animals (F igure 52) was s t a t i s t i c a l l y  
s i g n i f i c a n t  (p < 0 , 0 1 ) .  However, there  was no c o r r e l a t i o n  between the  
decrease in the numbers of  n e u t ro p h i ls  in the 3 seronegative  in d iv id u a ls  
and the s e v e r i t y  of  the c l i n i c a l  s igns.
V irus  i sol a t  ion
These r e s u l t s  are shown In Table 26 . Vi rus was recovered
r e g u l a r l y  from day 3 u n t i l  day 13 p . i .  and from day 3 u n t i l  8 p . i .  from
nasal and o cu lar  discharges r e s p e c t i v e l y .
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S e r o l o g i c a l  e x a m i n a t i o n
N e u t r a l i s i n g  a n t ib o d ies  were demonstrated in A1 and A4 on day 7 
p . i ,  w h i le  in A2 they were detected on day 10 p . i . ;  the t i t r e s  reached 
the maximum o f  1 :128 ,  3 weeks a f t e r  ch a l le n g e .  Animal A3,  which had an 
antibody  t i t r e  of  1:12 p r i o r  to  chal lenge  responded in a less  dramat ic  
way reaching a maximum t i t r e  o f  only  1:32 a f t e r  4 weeks.
P athologica l  examination
None of  the animals in t h i s  group were s la ughtered .
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FIGURE 52 . The mean t o t a l  w h i te  blood c e l l  and neutrophi l  numbers 
on s p e c i f i c  days f o l lo w in g  chal lenge of  3 groups of  
c a t t l e  w i th  the S t r ic h e n  s t r a i n  o f  in fe c t io u s  bovine  
r h i n o t r a c h e i t i s  v i r u s .
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Experiment 2. Group B s t i r k s .
C l i n i c a l  f e a t u r e s . The d e t a i l e d  c l i n i c a l  f in d in g s  are  summarised in 
Appendix 4 ,  Table  2,
On day 3 p . i . ,  a l l  4 s t i r k s  were d u l l ,  had s l i g h t  serous nasal 
discharge and a moderate pyrex ia  ( 1 0 3 - 1 0 4 .5 ° F ) . On the 4th and 5th  
days p . i , ,  the above c l i n i c a l  signs became more severe and the most 
p e r s is t e n t  presenting signs were seromucoid to mucopurulent nasal 
discharge ,  sporadic s in g le ,  d ry ,  non-p roduct ive  coughing,  pyrex ia  
( 1 0 4 - 1 0 7 .5 ° F ) ,  congestion of  the nasal mucosa as well  as d i p h t h e r i t i c  
l e s io n s .  On close  examinat ion ,  p i n - p o in t  haemorrhages were ev ident  on 
the  nasal mucosa which bled e a s i l y .  Moderate c o n j u n c t i v i t i s  accompanied 
by serous lachrymat ion was a f e a t u r e  common to every s t i r k .  !n B2, 
c o n j u n c t i v i t i s  was of a g ran u la r  n a tu re .  A l l  4 s t i r k s  were tachypnoe!c  
(RR -  40-75 /min ) and r e s p i r a t i o n s  were harsh.  Drool ing of  s a l iv a  was 
observed from day 4 to  6 p . i . .
The calves were s ev ere ly  i l l  from day 3 p . i .  and from day 4 to  
day 6 po i ,  every animal was s ev e re ly  dyspnoeic and a n o rex ic .  B1 and B4 
were s laughtered on day 6 p . i . .  From day 8 onwards, the remaining 2 
s t i r k s  B2 and B3 g ra d u a l ly  recovered.
The mean t o t a l  w h i te  blood c e l l  and neutrophi l  numbers on 
s p e c i f i c  days fo l lo w in g  chal lenge  are presented in Table  25 .  During the  
f i r s t  4 days post exposure (F igure 5 2 ) ,  the mean t o t a l  numbers o f  wh i te  
c e l l s  and o f  n e u tro p h i ls  increased; from day 4 to  day 10 post exposure 
the  mean numbers decreased; from day 10 to day 14 the mean numbers 
increased again and from day 14 to  day 20 they decreased. The decrease  
in the  mean numbers of  t o t a l  w h i te  c e l l  from day 4 to  day 10 was 
s t a t i s t i c a l l y  s i g n i f i c a n t  (pz lO.Ol )  as was the o v e ra l l  decrease from day 
4 to  day 20 (p< .0 .05 )  .
The 2 incontact  s t i r k s ,  B5 and B6, which were introduced on 
day 6 p . i .  became d u l l ,  u n w i l l i n g  to e a t ,  moderately pyrex ic  (1 03-104.5^F)  
and tachypnoeic (RR -  36-40/min) 5 days a f t e r  in t r o d u c t io n .  The i r  nasal  
mucosa became congested and a b i l a t e r a l ,  seromucoid, nasal discharge was 
e v id e n t .  Animal B6 developed a b i l a t e r a l  c o n j u n c t i v i t i s  which was 
accompanied by puru lent  ocu la r  d ischarge .  On day 6 post c o n ta c t ,  the  
above c l i n i c a l  signs became more o v er t  w i th  B5 and B6 becoming much 
d u l l e r  and easy to  handle.  They were anorex ic  and t h e i r  temperatures  
went up to  106 .5 °F .  There was a b i l a t e r a l  seromucoid to  mucopurulent
nasal discharge and d i p h t h e r i t i c  les ions  were observed on the nasal 
mucosa. At t h is  s tage,  they were seen to  be more tachypnoeic  
(RR « 50 - 70/min) and dyspnoeic.  Sporadic non-product ive  coughing was 
heard.  The c o n j u n c t i v i t i s  which had been seen on day 5 post contact  
only in B6 now became ev iden t  In B5, al though in B6, i t  was more severe,  
g ranu la r  in nature and accompanied by a copious mucopurulent ocu lar  
discharge which h e a v i ly  s o i led  the h a i r  on the cheeks (F igure 5 3 ) .  The 
c l i n i c a l  signs p e rs is ted  fo r  7 days (12 days post contact )  before  they 
began to  regress.
Virus i s o la t i o n
These r e s u l ts  are  shown in Table 26. V irus was r e g u l a r l y  
recovered from day 3 to  day 13 and day 3 to  10 p . i .  from nasal and ocular  
discharges r e s p e c t i v e ly .
Sero log ica l  examination
N e u t r a l is in g  a n t ib o d ie s  were demonstrated in the 2 s u rv iv ing  
s t i r k s  (B2 and B3) on day 12 p . i . ;  t h e i r  maximum t i t r e s  were 1 :32 ,  3 
weeks p . i . .  In the incontact  animals (B5 and B ) n e u t r a l i s i n g  
an t ib o d ies  were f i r s t  demonstrated on day 14 p . i .  and had a t t a i n e d  a 
maximum t i t r e  of  1:24 in 3 weeks post con tact .
Patho log ica l  examinat ion
The 2 s t i r k s ,  81 and B4 were k i l l e d  on day 6 p . i , .  There was 
congestion o f  the nasal mucosa and the nasal sinuses were f i l l e d  w i th  
mucopurulent exudate (F igure 5 4 ) .  M i ld  r h i n i t i s  and l a r y n g i t i s  
ch a ra c te r is e d  by excessive mucous secre t ions  were observed in both s t i r k s ,  
Small d i p h t h e r i t i c  les ions  were a lso  ev ident  in the nasopharynx o f  both 
animals .  There was a moderate ly  severe t r a c h e i t i s  invo lv ing  the whole 
length  of  the t ra c h ea .  Many haemorrhages, approximate ly  2-3mm in 
diameter ,  were observed in the  pharynx, in the trachea and a ls o  in the  
major bronchi (F igure 55) .  A s l i g h t  degree of  pneumonia was observed 
in the r ig h t  middle lobe of  A 1 . The local  lymph nodes ( re t ro p h a ry n g ea l ,  
bronchial  and m e d ia s t in a l )  were e n la rge d ,  oedematous and congested.  The 
l i v e r ,  sp leen,  kidneys and b ra in  were macroscopîca l1 y normal.
M ic r o s c o p ic a l l y ,  the nasal sinuses were markedly congested,  
oedematous and th e re  was a m i ld  r h i n i t i s .  The e p i th e l iu m  was 
i n f i l t r a t e d  by g lobule  leucocytes and the submucosal glands w e r e ’
surrounded by aggregations  o f  lymphocytes.  The submucosal glands 
appeared a c t iv e  w i th  many plasma c e l l s  in the surrounding t is s u e s .  The 
number of  goble t  c e l l s  appeared to  be s i g n i f i c a n t l y  reduced. There was 
a moderately  severe p h a ry n g i t is  c h a ra c te r is e d  by oedema, congestion and 
lymphocytic  c e l l  i n f i l t r a t i o n  and a severe l a r y n g i t i s  w i th  loss o f  
e p i th e l iu m  and e x ten s ive  lymphocytic  and plasma c e l l  i n f i l t r a t i o n .
There was a mild t r a c h e i t i s  w i th  neutrophi l  and g lobule  
l eucocyte  i n f i l t r a t i o n .  The bare patches of  trachea l  e p i th e l iu m  
(F igure  56) which were seen when examined w i th  the scanning e le c t r o n  
microscope, were almost c e r t a i n l y  due to  v i ru s  in f e c t i o n  of  the c i l i a t e d  
c e l l s  r e s u l t in g  in d e s t ru c t io n  o f  c i l i a .  Mucus produced in excess was 
seen on the surface  o f  trachea coming from the submucosal gland duct  
(F igure  5 7 ) .  The submucosal glands appeared a c t iv e  and d i l a t e d
(Figure 58) .  A few lymphocytes and plasma c e l l s  were present in the
lamina p ro p r ia .  There was mild b r o n c h i t i s  w i th  g lobule  leucocyte  and 
neutroph i l  i n f i l t r a t i o n .  There was p e r ib ro n c h io la r  lymphoid 
accumulations.  The a lv e o l i  w a l l s  were th ickened and conta ined  
neutrophi 1 s .
There was a s l i g h t  congest ion o f  the sp len ic  m a t r ix  and capsule  
w h i le  the red-pu lp  was e x t e n s iv e ly  i n f i l t r a t e d  w i th  n e u t r o p h i l s .  !n 
the w h i te  pulp the re  was germinal  c en t re  formation and these were 
surrounded by aggregates o f  plasma c e l l s .  In the re tropharyngeal  and 
bronchial  lymph nodes a moderate congestion w i th  massive n e u t r o p h i l i c  
i n f i l t r a t i o n  was observed. There was extens ive  germinal  centre  
formation w i th  many plasma c e l l s  recognised in the medul la ry  sinuses.
In the kidneys,  there  was a m i ld  r e a c t io n  c h a ra c te r is e d  by n e u t r o p h i l i c  
i n f i l t r a t i o n  in the g lomeru l i  and a few small lymphocytic f o l l i c l e s  
were observed in the proximal convuluted tu bu les .
The l i v e r  appeared normal although small number o f  lymphocytes 
and plasma c e l l s  were recognised around some blood v es se ls .  The
cerebe l lum and cerebra l  c o r te x  appeared to be normal.
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s£JG_URE—^ . Experimental in -contact Case No. B6 with marked widespread
granular les ions ,  to be seen in the conjunctiva and Sclera .  There is 
also  mucopurulent ocular discharge.
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FIGURE 54. S ag i t ta l  section of  experimental  case B4 infected  
with  IBR-Str lchen s t r a in  and k i l l e d  on day 6 post in f e c t io n .  
There Is necrosis of  the ventra l  concha with debri  (▲ ) ly ing  
in the nasal passages. Many petechia l  haemorrhages can be 
recognised throughout the nasopharynx.
164
FIGURE 55 . Larynx and trachea from experimental  Case No. B4 k i l l e d  on 
Day 6. There is oedema and many small petechial  haemorrhages.
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FIGURE 58 . T r a c h e i t i s  w ith  n e u tro p h i l i c  i n f i l t r a t i o n  of 
lamina propria and ep i th e l iu m .  Note the d i l a t a t i o n  of  most of  
the submucosal glands ( A ) .  HE. X 110.
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Experiment 3. Group C c a l v e s .
C l i n i c a l  f e a t u r e s . The d e t a i l e d  c l i n i c a l  f in d in g s  a re  summarised In 
Appendix 4 ,  Table  3.
At the end o f  day 2 p . i .  the calves  became du l l  and r e lu c t a n t  
to  feed.  They a l l  developed b i l a t e r a l  seromucoid nasal and serous 
o cu lar  d ischarges.
On day 3 p . i .  the above signs became more over t  w i th  body 
temperatures reaching 104°F.  Congestion o f  nasal mucosae accompanied 
w ith  copious serous to  mucopurulent nasal discharge became more prominent.  
Close examinat ion revealed sc a t te re d  d i p h t h e r i t i c  plaques on the nasal 
mucosa. Occasional s in g le  non-p roduct ive  coughs were heard from a l l  
4 calves  and, on a u s c u l t a t i o n ,  harsh r e s p i r a t io n s  could be heard 
e s p e c i a l l y  over the c r a n io - v e n t r a l  aspect of  the l u n g f i e l d s .  S l ig h t  
serous to purulent o cu lar  d ischarge as a r e s u l t  of  c o n j u n c t i v i t i s  was a 
major c l i n i c a l  f e a t u r e  from as e a r l y  as day 2 p . i .  and by day 4 p . i .  t h i s  
had become worse when c o n j u n c t i v i t i s ,  e s p e c i a l l y  in c a l f  C3, became 
gran u la r  In nature  (Figure 5 9 ) .  The copious purulent ocu la r  discharge  
poured out and matted the h a i r  on the cheeks.  The temperatures reached
a peak o f  106°F on day 4 p . i .  and then returned to  normal on day 7 p . i . .
Calves 02 and 03 were k i l l e d  on days 4 and 6 p . i .  r e s p e c t i v e l y .  By 
day 8 p . i . ,  c a l f  04 s t i l l  had a profuse seromucoid nasal discharge and 
serous ocu lar  discharge which had matted the h a i r  on the animals face
(F igure 6 0 ) . Drooling  o f  s a l i v a  was a fe a tu r e  on days 3 to  6 p . i . .
The mean t o t a l  wh i te  blood c e l l  and neutrophi l  numbers on 
s p e c i f i c  days fo l lo w in g  chal lenge  are presented in Table  25.  During the  
f i r s t  4 days post exposure (F igure  52) the mean t o t a l  numbers o f  wh i te  
c e l l s  and o f  n e u t ro p h i ls  increased.  From day 4 u n t i l  day 20,  the mean 
numbers decreased p ro g re s s iv e ly .
Calves 01 and 04 were l e f t  fo r  a to t a l  of  33 days a f t e r  
Chal lenge,  During t h i s  t ime they had p e r s is t e n t  s l i g h t  seromucoid nasal 
and serous o cu lar  d ischarges,  a l though t h e i r  temperatures were w i t h i n  
the  normal range.  They were m is e ra b le ,  they coughed p e r s i s t e n t l y  and 
were u n w i l l i n g  to  e a t .  Pneumonia was diagnosed in both animals and 
they were k i l l e d  on day 33 p . i . .
V i rus  i s o la t i o n
These re s u l ts  a re  shown in Table 26.  V i rus  was r e g u l a r l y  
recovered from 3 to  13 and 3 to  10 days p . i .  from nasal and o cu lar
discharges r e s p e c t i v e l y .
Sero log ica l  examinat ion
N e u t r a l i s i n g  a n t ib o d ie s  in the s u rv iv in g  2 calves (C l ,  C4) 
were demonstrated on day 12 p . I .  and reached a maximum t i t r e  o f  1:16  in 
3 weeks.
Patho log ica l  examination
The nasal conchae were congested and granu lar  in appearance  
w ith  a number o f  d i p h t h e r i t i c  l e s io n s .  The sinuses were f i l l e d  w i th  
w h i t i s h - y e l l o w ,  t h i c k  mucous exudate (F igure 61) and t h i s  was common 
throughout the upper r e s p i r a t o r y  t r a c t .  There was r h i n i t i s  and a marked 
p h a ry n g i t is  as wel l  as numerous pe tech ia l  haemorrhages. There was 
severe t r a c h e i t i s  w i th  an accumulat ion of  t h i c k  mucus in the area o f  the  
Carina (F igure  6 2 ) .  There was marked pneumonia in the a n t e r i o r  l e f t  
and r i g h t  c a rd ia c  as well  as the accessory lobes.  The pneumonic les ions  
were smooth, purple  in colour  and conta ined many t i n y  haemorrhages.
When observed the re tropharyngeal  lymph nodes were en larged ,  oedematous 
and haemorrhagic ,
M ic r o s c o p ic a l l y ,  the les io n s  were s im i l a r  to those present in 
the 2, Group B s t i r k s .  There was a mild inflammatory re a c t io n  and 
s l i g h t  hyperp las ia  of  the e p i th e l iu m  of  the nasal conchae (F igure 63) as 
well  as l a r y n g i t i s  which was c h a ra c te r is e d  by a moderately  severe  
accumulation o f  lymphocytes forming d i s c r e t e  aggregates; and the glands 
s l i g h t l y  d i l a t e d  (F igure  6 4 ) .  There v;as a moderately  severe t r a c h e i t i s  
w ith  much inf lammatory exudate in the lumen and the submucosal glands  
were d i l a t e d  and surrounded by lymphocytes (F igure 6 5 ) .  The pneumonia 
was exudat ive  and included a marked b r o n c h i t i s .  in g e n e ra l ,  the les ions  
were much more severe in t h i s  group than those of Group B.
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FIGURE 59 . Case No. C3 at  day 4 post In fe c t io n  with  a profuse serous 
ocular  discharge tha t  las ted  for  many days. There is a lso c o n j u n c t i v i t i s  
and conjunct iva l  oedema, small granular  lesions are a lso  ev iden t .
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FIGURE 60. Experimental Case No. C4, 8 days post in fe c t io n  with IBR- 
Str ichen s t r a in .  There is a profuse seromucoid nasal discharge and a 
serous ocular discharge which has matted the ha i r  on the animal 's  face,
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FIGURE 61 . Sagital  section of  the head of Case No. C3 at  Day 4 post 
in fe c t io n  wi th much necro t ic  debri ly ing  in the nasal passages. There 
is mucosal oedema and severe congestion with a few petechial  haemorrhages 
in the nasopharynx.
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F IG UR E 62 . Case No. C 3 at  Day 4 post in fe c t io n ,  with an accumulation  
of th ic k  mucus in the area of  c ar ina .
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FIGURE 63 . Case No, C3 at  Day 4 post In f e c t io n ,  wi th a mild  
inflammatory reac t ion  and s l i g h t  hyperplasia  of  the ep i the l ium  of the 
nasal conchae. HE X 250
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gFIGURE 6 4 . Case No. C3 at  Day 4 post I n f e c t io n ,  with  
l a r y n g i t i s  character ised  by moderately severe accumulation of 
lymphocytes forming d is c re te  aggregates; the glands are  
s l i g h t l y  d i l a t e d  ( A ) .  HE. X 110.
176
FIGURE 65 . The trachea în Case No, C3. There Is a moderately severe 
t r a c h e i t i s  w i th  much inflammatory exudate in the lumen. The submucosal 
glands are d i l a t e d  and some are surrounded by lymphocytes. HE X 110
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Experiment 4.  Group D c a l v e s .
C l i n i c a l  f e a t u r e s . The d e t a i l e d  c l i n i c a l  f in d in g s  are  summarised in 
Appendix 4 ,  Table 4 .
The calves in t h is  group responded more q u ic k ly  than those in 
any o f  the o ther  groups; by day 2 p . i . ,  a l l  had become very du l l  w ith  
c o n j u n c t i v i t i s  and a purulent o cu lar  d ischarge .  The serous nasal 
discharge became copious and mucopurulent in nature .  The d i p h t h e r i t i c  
l es io n s ,  which had been ev ident  only  on c a l f  D1 on day 2 p . i . ,  became 
obvious in the o ther  3 calves from day 3 to  6 p . i . .  R e s p ira t io n s  were 
harsh,  coughing was frequent and a l l  calves were pyrex ic  (104-106^F) from 
day 3 to  7 p . i . .  The calves were tachypnoeic (RR = 4 0 - 6 0 /m in ) .
Drool ing o f  s a l iv a  was observed from day 3 to 6 p . i . .
C a l f  D1, which was found dead on day 3 p . i . ,  had been d ia r r h o e ic  
but u n fo r t u n a t e ly  a post-mortem examinat ion was not c a r r i e d  out.  C a l f
D3 was k i l l e d  on day 5 p . i .  fo r  ro u t in e  s tu d ie s .  Haematological  
examination was not undertaken in t h i s  group.
Vi rus i sol a t  i on
These r e s u l t s  a re  shown in Table 25. V i ru s  was r e g u la r l y  
recovered from days 3 to  12 and 3 to  10 p . i .  from nasal and o cu lar  
discharges r e s p e c t iv e ly .
Sero log ica l  examination
N e u t r a l is i n g  a n t ib o d ie s  were demonstrated in the remaining 2 
calves  (02 and D4) on day 12 p . i .  and a maximum t i t r e  of  1:24  was reached 
by 3 weeks p . i . .
Patho log ica l  examinat ion
The nasal conchae were congested,  oedematous and covered w i th  
w h i t i s h - y e l l o w  mucopus and many small d i p h t h e r i t i c  le s io n s .  There was a 
m ild  t r a c h e i t i s  and the  lungs were congested,  oedematous and strands of  
pus were seen in the a i rw a ys .  The re tropharyngeal  and bronchial  lymph 
nodes were s l i g h t l y  enlarged and oedematous. The l i v e r ,  k idney ,  
spleen and bra in  appeared normal.
M ic r o s c o p ic a l l y ,  the nasal conchae were sev ere ly  congested,  
oedematous w i th  marked inf lammation in the lamina propr ia  and e p i th e l iu m .  
The e p i th e l iu m  was h y p e r p l a s t i c ,  n e c r o t ic  and i t  was covered by la rge
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amount o f  inf lammatory exudate .  S u b - e p i th e l ia  11 y , th e re  were many 
lymphocytic aggregates .  The sub-mucosal glands appeared a c t iv e  w i th  
many lymphocytes,  plasma c e l l s  and n e u tro p h i ls  in close  a s s o c ia t io n .
There was l a r y n g i t i s  w i th  a s l i g h t  mononuclear c e l l u l a r  
i n f i l t r a t i o n  sub-ep i the l  t a l l y  w i th  a few areas o f  e p i t h e l i a l  necrosis  
and n e u t r o p h i l i c  c e l l u l a r  i n f i l t r a t i o n .  A moderate t r a c h e i t i s  w i th  
e p i t h e l i a l  hyperp las ia  and a few areas of  metaplas ia  were observed.  
Lymphocytes had accumulated below the e p i th e l iu m .  The trachea was 
oedematous and contained numerous haemorrhages as wel l  as s l i g h t  
n e u t r o p h i l i c  i n f i l t r a t i o n  in to  the e p i th e l iu m .  The submucosal glands 
appeared a c t i v e .  There was marked congestion and oedema of  the  
i n t e r l o b u l a r  septa as wel l  as c o l la p s e  of  the a l v e o l i .  Neu troph i ls  and 
macrophages were o c ca s io n a l ly  seen in these co l lapsed areas .
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SECTION 2
( î )  THE EFFECT ON THE BOVINE RESPIRATORY TRACT OF INFECTION WITH THE COLORADO
STRAIN OF INFECTIOUS BOVINE RHI NOTRACHEIT I S
MATERIALS AND METHODS
Experimental  animals
Four,  6 month o ld  A y rs h i re  cross s t i r k s ,  Group E ( E l ,  E2, E3, 
E 4 ) , were used in t h i s  exper iment .
Housinq
This form o f  housing was Id e n t i c a l  to  t h a t  descr ibed in 
d e t a i l  in Sect ion 1 of  t h i s  Chapter.
Feed i nq
The feeding regime was id e n t ic a l  to  th a t  a l re a d y  described  
in d e t a i l  in Section 1 o f  t h i s  Chapter .
Chal lenge procedure
The v i r u s  used was the Colorado s t r a i n  o f  IBR obta ined from
the Centra l  V e t e r in a r y  Laboratory  -  M in i s t r y  o f  A g r i c u l t u r e ,  F is h e r ie s
and Food (CVL-MAFF), Weybridge,  England. Each animal was chal lenged
i n t r a n a s a l l y  w i th  a 28th passage t i s s u e  c u l t u r e  suspension ( t i t r e  ~
7 710 ' TCID^^/ml) in a s i m i l a r  manner to th a t  a l re ad y  described in d e t a i l  
in Section  1 o f  t h i s  Chapter.
The d e t a i l s  of  the c l i n i c a l ,  p a tho log ica l  and s e ro lo g ic a l  
examinations as wel l  as the technique used fo r  v i ru s  i s o l a t i o n  were 
id e n t ic a l  to  those a l re a d y  descr ibed in Sect ion 1 of  t h i s  Chapter.  
Haematological  examinat ion was not undertaken in t h i s  exper iment .
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RESULTS
Experiment 5. Group E s t i r k s .
C l i n i c a l  response. The d e t a i l e d  c l i n i c a l  f in d in g s  are  summarised in 
Appendix 4 ,  Table 5.
On day 2 p . i . ,  a l l  4 calves  were seen to  be d u l l ,  u n w i l l i n g
to  eat  and they had a moderate pyrex ia  (103.0  -  1 0 5 . 2^F),  There was
serous nasal d ischarge w i th  s l i g h t  congestion o f  nasal mucosa. S ing le  
spasmodic dry coughs were heard and became more f requent  and widespread  
when the animals were forced to  move about in the box. The calves  were 
tachypnoeic  (RR = 40 -60 /m inute )  and, on a u s c u l t a t i o n ,  the r e s p i r a t io n s  
were harsh.  By day 3 p . i ,  only  E2 had a serous o c u la r  d ischarge .  On 
day 4 p . i . ,  the above signs became much more severe w i th  temperatures  
o f  up to  106.2°F being recorded; the congested nasal mucosal e p i th e l iu m  
was now obv iously  eroded and covered w i th  yel lowish-brown d i p h t h e r i t i c  
plaques.  The serous nasal d ischarge had increased in v i s c o s i t y  and 
amount becoming mucopurulent and copious,  hanging 3 -4  inches down from 
the n o s t r i l s  (F igure 6 6 ) .  Coughing became much more f requent  even 
when the animals were a t  r e s t .  C o n j u n c t i v i t i s  accompanied w i th  serous
o c u la r  discharge was e v ide n t  in a l l  the s t i r k s .  There was profuse
d ro o l in g  o f  s a l i v a  w i thout  any accompanying evidence of  s t o m a t i t i s .
The high temperatures l a s te d  fo r  2 days only and the s t i r k s  had more or  
less recovered by day 8 p . i . .
The 2 s t i r k s  El and E2 were s laughtered on day 4 and 6 p . i .  
r e s p e c t i v e l y .
V irus  i s o l a t i o n
These r e s u l t s  a re  shown in Table  26.  V irus v;as r e g u l a r l y  
recovered from day 3 to  12 and from day 3 to  10- p . i .  from nasal and 
ocu lar  discharges r e s p e c t i v e l y .
Sero lo g ica l  examinat ion
N e u t r a l i s i n g  a n t ib o d ie s  were detected  in the remaining 2 s t i r k s  
on day 12 p . i . .
Pa tho log ica l  examinat ion
The nasal conchae were sev e re ly  congested in both cases and 
were covered by a t h i n  f l u i d .  There v/as a moderate ly  severe t r a c h e i t i s
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(F igure  67) .  This inf lammation was accompanied by haemorrhages as wel l  
as g ra n u la r  n e c ro t ic  m a te r ia l  in the laryngeal  region (F igure 6 8 ) ,  The 
re tropharyngeal  lymph nodes were s ev ere ly  congested,  oedematous and 
haemorrhagic . There was no obvious le s io n  of  pneumonia.
M ic r o s c o p ic a l l y ,  th e re  v/as severe l a r y n g i t i s  and p h a ry n g i t is  
w ith  massive lymphocytic accumulat ion s u b e p i t h e l i a l l y ,  forming d is c r e e t  
aggregates and germinal  c e n t re s .  Plasma c e l l s  as wel l  as n e u t r o p h i l s ,  
globu le  leucocytes and eo s in o p h i ls  were ev ident in the pharynx. In 
both the pharynx and la ry n x  th e re  was a marked e p i t h e l i a l  hyperp las ia  
w ith  some n e cros is .  There was a moderately  severe t r a c h e i t i s  w i th  
many small lymphoid aggregates d i r e c t l y  below the e p i t h e l iu m .  Globule  
leucocytes were not recognised,  but n e u t ro p h i ls  had i n f i l t r a t e d  the  
e p i t h e l iu m .  Plasma c e l l s  were abundant in the lamina propr ia  and a lso  
around the glands which were hy per t roph ied .
The lungs were non-pneumonic apar t  from a fev/ co l lapsed  
lo b u le s .  There were a fev/ p e r ib ro n c h io la r  lymphoid accumulations and,  
in a d d i t i o n ,  some e o s inoph i ls  and g lobu le  leucocytes were seen in the  
b ro n c h io la r  w a l l s .  Germinal ce n t re  formation was prominent in the 
re t ro p h a ry n g e a l ,  bronchial  and m ed ias t ina l  lymph nodes which were a ls o  
congested and haemorrhagic . The mediast ina l  lymph nodes were i n f i l t r a t e d  
w ith  la rg e  numbers o f  e o s in o p h i l s .  The spleen v/as severe ly  congested,  
haemorrhagic w i th  i n f i l t r a t i o n  o f  l a rg e  numbers of  n e u t r o p h i l s .  The 
kidney ,  l i v e r ,  b r a in ,  g a l l  b ladder  were normal.
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F IGURE 66 . Case No. E l ,  4 days post in f e c t io n ,  wi th the Colorado s t r a in  
of I BR ; there is a mucopurulent nasal discharge which is mostly u n i l a t e r a l
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FIGURE 67 . Case No. El at  4 days post in fec t io n  with mucus exudate in 
the trachea.
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FIGURE 68. Case E l ,  4 days post in fe c t io n  with the Colorado s t r a in  of 
IBR showing oedema and many petechial  haemorrhages in the larynx and 
t rachea.
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SECTION ' 2 (cont 'd)
( i l )  THE EFFECT ON THE BOVINE RESPIRATORY TRACT OF INFECTION WITH THE 
OXFORD STRAIN OF INFECTIOUS BOVINE RHINOTRACHEITlS
MATERIALS AND METHODS
Experimental  animals
Four,  6 month o ld  A y r s h i r e  cross s t i r k s  Group F ( F I ,  F2,  
F3 and F4 ) ,  were used.
Nous Î nq
This form o f  housing was Id e n t ic a l  to  t h a t  described in
d e t a i l  in Section 1 o f  t h i s  Chapter .
Feed i ng
The feed ing regime was id e n t i c a l  to  t h a t  described in 
d e t a i l  in Section 1 o f  t h i s  Chapter .
Chal lenge procedure
The v i r u s  used was the  Oxford s t r a i n  o f  IBR obta ined from
CVL-MAFF. Each s t i r k  was chal lenged i n t r a n a s a l l y  w i th  the 6th
7 7passage t i s s u e  c u l t u r e  suspension ( t i t r e  = 10 * TCID^^/ml) by the
method described in d e t a i l  in Section  1 o f  t h i s  Chapter,
The d e t a i l s  o f  the c l i n i c a l ,  pa tho log ica l  and s e ro lo g ic a l  
examinations as wel l  as the technique  used fo r  v i ru s  I s o l a t i o n  were 
id e n t ic a l  to  those descr ibed in Section 1 o f  t h i s  Chapter.
Haematological  examinat ion was not undertaken in t h i s  exper iment .
186
RESULTS
Experiment 6. Group F s t i r k s .
01 i n ical  f e a t u r e s . The d e t a i l e d  c l i n i c a l  f in d in g s  are  summarised in 
Appendix 4 ,  Table  6.
On day 2 p . i , ,  the calves  became very s l i g h t l y  du l l  w i thout  
any apparent loss o f  a p p e t i t e .  There was a ls o  a very s l i g h t  increase  
in body temperature  in 2 s t i r k s  (FI and F2) reaching a peak of  103.0^F,  
S t i r k  F2 coughed s p o r a d ic a l l y  and on a u s c u l t a t io n ,  the r e s p i r a t io n s  were 
s l i g h t l y  harsh.  On day 3 p . i . ,  a l l  calves had a s l i g h t  serous nasal  
discharge and they were s l i g h t l y  tachypnoeic (RR = 3 6 - 4 2 /m in u te ) .  The 
highest temperature recorded was 1 0 3 .5°F and t h is  only in s t i r k  F I .
T h e r e ‘was s l i g h t  congestion o f  the nasal mucosa in every  animal w i thout  
the re  being obvious le s io n s .  On day 4 p . i . ,  the p ic t u r e  was more or 
less the same although s t i r k  F2,  which had had the h ighest temperature ,  
was seen to have a s in g le  d i p h t h e r i t i c  les io n  on the l e f t  n o s t r i l .  The 
nasal mucosae of  the o the r  calves  were severe ly  congested.  In s p i te  
of  being d u l l ,  they did not go o f f  t h e i r  feed.  By day 6 p . i . ,  t h e i r  
temperatures were back to normal and they had v i r t u a l l y  recovered from 
the i n f e c t i o n .  S t i r k s  F3 and FI were s laughtered on days 4 and 6 p . i .  
respect I v e l y .
V irus  i s o la t i o n
These re s u l ts  are shown in Table 25. Vi rus was r e g u l a r l y  
recovered from day 3 to 11 and from day 4 to 10 p . i ,  from nasal and 
ocular  discharges r e s p e c t i v e l y .
Sero log ica l  examination
The remaining 2 ca lves  developed d e te c ta b le  serum n e u t r a l i s i n g
a n t ib o d ie s  on day 12 p . i .  and had a t i t r e  of  1 :12 .
..Pa tho log ica l  examinat ion
There was moderately  severe congestion of  the nasal conchae 
(F igure  69) w i thout  evidence o f  o ther  l e s io n s .  There was a mi ld  
p h a r y n g i t is ,  mild l a r y n g i t i s ,  m i ld  t r a c h e i t i s  w i th  numerous f i n e
haemorrhages, and were conf ined to  the a n t e r i o r  h a l f  o f  the trachea only,
S t ick y  w h i t is h  mucous o f  g l i s t e n i n g  nature covered the whole length  of  
the trachea (F igure 7 0 ) .  A few small areas of  pneumonia were ev ident
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in the a n t e r i o r  and p o s t e r io r  r i g h t  c ard ia c  lobes as wel l  as the a n t e r i o r  
l e f t  d iaphragmatic  lobe.  These les ions  were p a le ,  grey- fawn and 
co l la p sed .  The re tropharyngeal  lymphnodes were enlarged' ,  oedematous 
and contained many haemorrhages. The l i v e r ,  k idney,  spleen and bra in  
were macroscopica l1 y normal.
M i c r o s c o p ic a l l y ,  th e re  was a mi ld  r h i n i t i s  w i th  e p i t h e l i a l  
hyperp las ia  and i n f i l t r a t i o n  o f  the lamina propr ia  w i th  n e u t r o p h i l s ,  
plasma c e l l s  and lymphocytes.  There were many goblet  c e l l s  In the 
e p i th e l iu m .  M i ld  p h a ry n g i t is  and l a r y n g i t i s  were c h a ra c te r is e d  by 
lymphocytic aggregates forming germinal  cen t res .  There was a very mild  
t r a c h e i t i s  w i th  on ly  occasional plasma c e l l s  and lymphocytes In the 
lamina' propr ia  w h i le  n e u t ro p h i ls  had i n f i l t r a t e d  the e p i t h e l iu m .  There 
were a ls o  a few small haemorrhages and an increase in the number of  
goblet  c e l l s .  The re tropharyngeal  lymphnodes were congested,  
haemorrhagic and had a few germinal  cent re  fo rm a t ion .  A marked 
congestion and neutrophi l  i n f i l t r a t i o n  was ev ident  in the spleen.  The 
l i v e r ,  kidney and b ra in  appeared to be normal.
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FJGURE 69. Sagi ta l  section of  the head of Case No. F3,4 days post
in fe c t io n  with Oxford s t r a in  of  IBR; there are no v i s i b l e  macroscopic 
1 es ions .
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FIGURE— 70 . Larynx and trachea of Case No. F] wi th a small
number of  p in -po in t  haemorrhages ( a  ) in the a n te r io r  
port ion of  the trachea.
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SECTION 3
THE EFFECT ON THE BOVINE FEMALE REPRODUCTIVE TRACT OF INFECTION WITH THE 
STRICHEN STRAIN OF INFECTIOUS BOVINE RHINOTRACHEITlS VIRUS
MATERIALS AND METHODS
Experimental animals
Four, y e a r l in g  F r i e s i a n  cross h e i f e r s ,  Group G (G1, G2, 03,  G4)
were used.
Hous i nq
This form of housing was id e n t i c a l  to  th a t  described in d e t a i l  
in Section 1 of  t h i s  Chapter .
Feed i ng
The feed ing regime was id e n t i c a l  to th a t  descr ibed in d e t a i l  
In Section 1 of  t h i s  Chapter.
Chal lenge procedure
The cha l lenge  v i r u s  was par t  of  t h a t  batch o f  the v i ru s  whose 
p re p a ra t io n  has been described in d e t a i l  in Sect ion 1 o f  t h i s  Chapter .
Each animal was chal lenged by in t roduc ing  1.5ml o f  t i s s u e  c u l t u r e  v i ru s  
suspension in to  the vag ina ,  using a 6 inch long s t e r i l e  p l a s t i c  canu l la  
f i t t e d  to  the t i p  of  a dropper s y r in g e .
The d e t a i l s  o f  the c l i n i c a l ,  p a tho log ica l  and s e ro lo g ic a l  
examinations as wel l  as the technique  used fo r  v i ru s  i s o l a t i o n  were 
i d e n t ic a l  to  those described in Section 1 of  t h i s  Chapter .  However, 
haematological  examinat ions were not undertaken and pa th o lo g ica l  specimens 
were only taken from the vagina and the u te rus .
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RESULTS
Experiment 7. Group G h e i f e r s .
C l i n i c a l  f e a t u r e s . The d e t a i l e d  c l i n i c a l  fea tu re s  are  summarised in 
Appendix 4 ,  Table  7.
On day 1 p . i . ,  the vagina l  mucosa was sev ere ly  congested w i th  
numerous reddish v e s i c l e s .  On day 2 p . ! , ,  these v e s ic le s  had progressed  
in to  pustules  measuring 1 -2mm in diameter (Figure 71) and s l i g h t  mucoid 
discharge was observed on the f l o o r  o f  t h e  vagina in 3 o f  the h e i f e r s .
On day 3 p . i . ,  the pustules had become more prominent and a few had 
sloughed leav ing  raw u l c e r a t i v e  l e s io n s .  A mucopurulent vaginal  
discharge (F igure 72) only  developed in 3 h e i f e r s  (G1, G2, G 3 ) . There 
was constant t a i l  swishing in every  animal and frequent  m ic t u r a t io n  was 
a lso  observed. Two h e i f e r s  (G1, G4) were s laughtered on day 4 p . i .  fo r  
postmortem examinat ion.  By day 5 p . i . ,  the pustules in the other  2 
h e i f e r s  had sloughed. There was no systemic involvement and signs of  
the upper r e s p i r a t o r y  t r a c t  were not observed. By day 17 p . i . ,  only  a 
few les ions  were s t i l l  v i s i b l e .
Vi rus i sol a t  ion
These r e s u l t s  are  shown in Table 26,  The v i ru s  was is o la te d  
r e g u l a r l y  from vaginal  swabs from day 4 to  9 p . i , ,  and t h e r e a f t e r  
i n t e r m i t t e n t l y  up to  21 days. The v i r u s  was recovered from the vaginal  
mucosae and u t e r i  o f  G1 and G2 k i l l e d  on day 4 p . i . .
Sero log ica l  examination
Ant ibod ies  were demonstrated on days 10 and 12 post chal lenge  
and both had a t i t r e  o f  1 :1 2 ,
Patho log ica l  examination
In both cases the p a tho log ica l  les ions  were i d e n t i c a l .  There  
was congestion and numerous t i n y  pustules a t  the neck o f  the vagina .
There was marked congestion w i th  many haemorrhages a t  the neck of  the 
c e r v ix  where th e re  were a ls o  haemorrhagic erosions 1-2mm diameter .  The 
c e r v ix  and the  uterus  a ls o  conta ined  numerous pustules ( 0 , 5 - 1 . 0cm in 
diameter)  al though th e re  was an absence of  congestion or haemorrhage.  
Pulmonary les ions  were not p resent .
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M ic r o s c o p ic a l l y ,  th e re  was a moderately severe v a g i n i t i s  w i th  
m ild  n e u t r o p h i l i c  and e o s i n o p h i l i c  i n f i l t r a t i o n .  Much o f  the re ac t io n  
was a r e s u l t  of  mononuclear c e l l  i n f i l t r a t i o n ,  p a r t i c u l a r l y  of  
lymphocytes which had formed d i s c r e t e  aggregates s u b e p i t h e l i a l 1 y w h i le  
numerous plasma c e l l s  were abundant i n t r a e p l t h e l i a l 1y. There were a 
few m icrov es ic les  c on ta in ing  inf lammatory c e l l s .  The pustules and 
erosions  of the vagina and neck of  c e r v ix  appeared to  be due to  
aggregates of  lymphoid t i s s u e  which had i n f i l t r a t e d  the e p i th e l iu m  and 
caused congest ion.  The c e r v ix  was g e n e ra l ly  normal and the pustules  
present appeared to have 2 forms : one was due to  e p i t h e l i a l  hyperp las ia
and dysplas ia  w h i le  others  appeared as la rge  f ib rous  accumulations  
i n f i l t r a t e d  by a small number of  lymphocytes.
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FIGURE 71 . The pos ter io r  vagina of  a h e i f e r  2 days post in fec t io n  
by the in t ravag ina i  route with  the Str ichen s t r a in  of in fec t ious  
bovine r h in o t r a c h e i t i s  v i r u s .  There is congestion and numerous 
pustules on the vaginal  mucosa.
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FIGURE 72. The p o s te r io r  vagina of  a h e i fe r  3 days post in fe c t io n  
by the in t ravag ina i  route wi th the Str ichen s t r a in  of  in fec t ious  
bovine r h i n o t r a c h e i t i s  v i r u s .  There is congestion,  numerous 
pustules (1-2mm in diameter) and a mucopurulent discharge on the 
f l o o r  of  the vagina.
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SECTION 4
THE EFFECT OF INFECTION WITH DICTYOCAULUS VIVI  PARUS ON STIRKS WHICH HAD 
RECOVERED FROM AN EXPERIMENTAL INFECTION WITH THE STRICHEN STRAIN 
OF INFECTIOUS BOVINE RHI NOTRACHEITIS VIRUS
MATERIALS AND METHODS
Experimental  animals
Three groups (H1-H4; P1-P4; J l -JA) each c ons is t ing  of 4 y e a r l in g  
St i rks  were used. These groups had recovered frbm an experimental  
i n f e c t i o n  w i th  the S tr ichen  s t r a i n  of  IBR 5 to 6 months p r i o r  to  t h i s  
exper im ent .
Hous i nq
This form o f  housing was id e n t ic a l  to th a t  descr ibed in d e t a i l  
in Section 1 of  t h i s  Chapter,
Feed i nq
The feeding regime was id e n t ic a l  to  th a t  descr ibed in d e t a i l  
in Sect ion 1 of  t h i s  Chapter ,
Chal lenge procedure
The Group H animals (H I ,  H2, H3, H4) were each chal lenged w i th  
50 t h i r d  stage lungworm la rv a e  per Kg, bodyweight (Table 27) ; on average  
each animal was given 15,000 lungworm la r v a e .
The Group P animals ( P l , P2, P3, P4) were each chal lenged w i th
1 .000 t h i r d  stage la r v a e ;  t h i s  represented an approximate dose o f  3 -4  
lungworm la rv ae /K g ,  bodyweight.
The Group J animals ( J l , J2,  J3, J4) were each vaccinated  twice  
according to  the manufacturers i n s t r u c t io n s ,  w i th  an I r r a d i a t e d  lungworm 
vaccine ( D i c t o l ; Glaxovet L t d . ,  Middlesex,  UK). Each dose contained
1.000  i r r a d i a t e d  lungworm la r v a e .
The d e t a i l s  o f  the c l i n i c a l  (Groups H, P, J ) , pa tho log ica l  
(Group H) and s e ro lo g ic a l  (Group H) examinat ion as wel l  as the technique  
used fo r  v i r u s  i s o l a t i o n  were id e n t ic a l  to those a l re a d y  described in 
d e t a i l  in Sect ion 1 o f  t h i s  Chapter .  Haematological examinations were 
not undertaken in t h i s  exper iment .
196
RESULTS
Experiment 8. Group H. P and J a n im a ls .
C l i n i c a l  f e a t u r e s , The d e t a i l e d  c l i n i c a l  f in d in g s  o f  Group H animals  
are  summarised in Appendix 4 ,  Table 8„
The f i r s t  c l i n i c a l  evidence o f  disease in Group H animals was 
not iced  on day 11 p . i ,  when s in g le  sporadic  coughing was observed from 
a l l  an imals .  On day 13 p . i . ,  the 4 animals were a l l  du l l  al though they  
continued to e a t .  in a d d i t io n  to  coughing,  the re  was s l i g h t  serous to  
seromucoid nasal d ischarge .  On a u s c u l t a t i o n ,  the r e s p i r a t i o n s  were 
harsh.  On day 14 p . i . ,  the animals were tachypnoeic (RR = 6 0 - 1 00/mln)
and the seromucoid nasal discharges became more profuse .  On a u s c u l t a t i o n ,
rhonch) was heard over the c ra n lo v e n t r a l  aspect of the r i g h t  side o f  the  
chest of  H4, On day 15 p . i , ,  the amount of  food eaten by the group 
decreased and H2 was dyspnoelc.  There was moderate pyrex ia  (103.2  to  
1 0 5 . 6^F) which p e rs is te d  fo r  6 days.  D i p h t h e r i t i c  les ions  were seen
in nasal mucosa of H4, Two animals  (HI and H4) were s laughtered  on
days 15 and 17 p . i .  r e s p e c t i v e l y .  In the 2 o th e rs ,  coughing continued  
f o r  up to 4 weeks p . i , .  In Group P, the only animal in which c l i n i c a l  
signs were seen v/as P2 which had a very  s l i g h t  serous nasal discharge  
from day 12 to  16 p . i . .  In Group J,  th e re  was only occasional  coughing 
from days 8 to  10 p . i , .
V i ru s  i s o la t i o n
These r e s u l t s  a re  shown In Table  26 . V i rus  was recovered  
I r r e g u l a r l y  from day 8 to  21 p . i .  from nasal swabs. In the animals  
examined a t  necropsy,  the v i r u s  was recovered from retropharyngeal  lymph 
nodes, the upper t rachea in HI and the tu r b in a te s  in H4, 15 and 17 days 
p . i .  r e s p e c t i v e l y .
Sero log ica l  examinat ion
The ant ibody  t i t r e  rose from 1:12 to  1:24  (H2) and from 1 :8  to  
1 :24 (H3) 1 n 3 weeks.
Patho log ica l  examinat ion
There was congestion o f  the nasal mucosa and severe p h a ry n g i t is  
w ith  many haemorrhages and oedema (F igure 7 3 ) .  There was severe  
l a r y n g i t i s  and severe t r a c h e i t i s  w i th  many haemorrhages (up to  2mm in 
diameter)  in the a n t e r i o r  h a l f  o f  the  trachea (F igure 7 4 ) .  The major
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airways were f i l l e d  w i th  f r o t h y  w h i te  oedema f l u i d .  The re t ro p h a ry n g e a l ,  
bronchia l  and mediastina l  lymph nodes were oedematous, congested and 
contained a few haemorrhages. There were patches o f  pneumonia in the  
a n t e r i o r  and most d i s t a l  regions o f  caudal lobes w i th  a s t r i n g y ,  y e l low  
pus present in the airways of the conso lidated  a reas .  There was marked 
emphysema in the a n t e r i o r  lobes.  The r i g h t  and l e f t  card iac  lobes were 
pneumonic w i th  t o t a l  c o n s o l id a t io n  and an appearance s im i l a r  to th a t  
seen in cases o f  c u f f in g  pneumonia such as col lapsed fawn grey l e s io n s .  
There were la rg e  areas o f  pneumonia in the diaphragmatic  and middle lobes.  
Many 1ungworms were present in the bronchi of  most lobes (F igure  7 5 ) .
The l i v e r ,  b r a in ,  sp leen,  kidney and g a l l  bladder were macroscop I c a l 1 y 
normal.
M ic r o s c o p ic a l l y ,  the re  was congestion In the nasal conchae w i th  
marked e p i t h e l i a l  and gob le t  c e l l  hyperp las ia  as wel l  as g lobule  leucocyte  
i n f i l t r a t i o n .  There v/as inf lammatory exudate in the pharynx and 
nasopharynx w i th  s ca t te re d  small haemorrhages, A severe l a r y n g i t i s  w i th  
massive lymphoid i n f i l t r a t i o n  r e s u l t i n g  in germinal c en t re  fo rm at ion ,  
were observed w h i le  plasma c e l l s  were abundant in the lamina p ro p r ia ,  
in many p laces ,  th e re  v/as a loss o f  e p i th e l iu m .  There v/as a moderately  
severe t r a c h e i t i s  w i th  e p i t h e l i a l  hyperp las ia  and mucous gland hypertrophy  
although only  a few gland tubules were surrounded by plasma c e l l s .  There 
were several  small lymphoid f o l l i c l e s  in the lamina p ropr ia  which,  in 
a d d i t io n  to  congestion and haemorrhages, a lso contained many n e u t r o p h i l s .
Many 1ungworms were present in the conso lida ted  parts  of  the 
diaphragmatic  lobes and in areas eos in o p h i ls  were abundant. There was a 
severe b r o n c h i t is  w i th  e p i t h e l i a l  hyperp las ia  as wel l  as dysplas ia  in 
some areas due to the inf lammatory i n f i l t r a t e s .  in the parenchymal 
t i s s u e  of  these areas th e re  v/as considerab le  oedema/mucus exudate mixed 
w ith  macrophages and n e u t r o p h i l s .  In several  a l v e o l i  h y a l in e  membrane 
fo rmation  v/as seen in the pneumonic areas in which th e re  v/as no lungworm 
i n f e s t a t i o n ,  the re  was marked b r o n c h i t i s ,  b r o n c h i o l i t i s  and a l v e o l i t i s .
The submucosal glands were h y p e r p la s t i c  and d i l a t e d  w h i le  the 
r e t ro p h a ry n g e a l ,  bronchial  and medias t ina l  lymph nodes were s l i g h t l y  
oedematous and congested.  Many bronchio les  were plugged w i th  inf lammatory  
exudate and there  was e x ten s ive  i n t e r l o b u l a r  involvement in a l l  pneumonic 
areas w i th  oedema, f i b r i n  and i n f i l t r a t i o n  by lymphocytes,  n eu t ro p h i ls  
and e o s in o p h i ls .  There was a marked congestion and n e u t r o p h i l i c  
i n f i l t r a t i o n  o f  the spleen.  The l i v e r ,  k idney,  g a l l - b l a d d e r  and b ra in  
were normal.
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TABLE 27 . The amount of  l i v e  and I r r a d i a t e d  t h i r d  stage lungworm 
l a rv a e  given to each In d iv id u a l  animal.
EXPERIMENTAL CASE NO. BODY WEIGHT (Kg) AMOUNT OF LUNGWORM LARVAE DOSED
HI 209 10,450
H2 1 82 9,100
H3 364 18,200
H4 500 25,000
PI 300 1 ,000
P2 236 1 ,000
P3 240 1 ,000
P4 270 1 ,000
Jl 280
A l l  vacc inated  w i th
J2 305 lungworm vaccine (D ic to l )  according to  the manu­
f a c t u r e r s  in s t r u c t io n s .
J3 258 Each dose contained 1,000  
I r r a d i a t e d  lungworm la r v a e .
J4 275
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—Z2" Case No. H4, a recovered I BR case, 17 days a f t e r  chal lenge  
with  Djctypcaulus v iv i  parus la rv a e .  Sagital  section of  the head with  
severe petechial  haemorrhages throughout the nasal passages and pharynx,
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FIGURE 74. A recovered case of  IBR No. H4, 17 days a f t e r  chal lenge with
D i ctyocaulus v iv i  parus ia rv ae .  The larynx and trachea have oedema in
the mucous membrane and there is severe haemorrhage in the a n t e r io r
port ion of  the trachea.
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FIGURE 75. Case No. H4, 17 days a f t e r  chal lenge wi th D i ctyocaulus  
v iv i  parus la rv a e ;  a large  number of  1ungworms are ly in g  w i th in  a major 
bronchus.
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SECTION 5
THE EFFECT OF INTRANASAL CHALLENGE WITH THE STRICHEN STRAIN OF INFECTIOUS 
BOVINE RHI NOTRACHEITIS VIRUS ON "PNEUhOVAC PLUS" VACCINATED ANIMALS
MATERIALS AND METHODS
Experimental  animals
F i f t e e n ,  6 to  10 month old d a i ry  cross bul locks  were d iv ided  
in to  3 Groups (K, L,  M) of  4 animals each and 1 Group (N) of  3 an imals .
The h i s t o r y  and sero lo g ic a l  s ta tus  of  the steers  a t  the s t a r t  of  the t r i a l  
is shown in Table 28.
Hous i nq
This form of housing was id e n t ic a l  to  th a t  descr ibed In d e t a i l  
in Sect ion 1 of  t h is  Chapter.  Groups K and N were mixed to g e th e r .  
I n i t i a l l y ,  a l l  groups o f  animals were kept in s t r i c t  i s o l a t i o n  and attended  
by d i f f e r e n t  stockmen although Groups K and N were subsequently housed 
to ge ther
Feed i ng
The feed ing regime was id e n t ic a l  to  th a t  described in d e t a i l  
in Section 1 of  t h i s  Chapter.
Chal lenge procedure
The calves  in Group K were vaccinated  according to  the  
manufacturers  i n s t r u c t i o n s ,  w ith  an in a c t i v a t e d  po ly v a le n t  vaccine  
c onta in ing  IBR v i r a l  antigens (Pneumovac Plus,  C -Vet,  Bury S t .  Edmunds, 
England) . Three weeks a f t e r  the second v a c c in a t io n ,  blood samples were 
taken to  determine the s e ro lo g ic  response to  the IBR component in the  
vac c in e .  At 4 weeks a f t e r  the second v a c c in a t io n ,  the 12 s teers  in 
Gr.oups K, L and M were chal lenged v ia  the in t ranasa l  route  in a manner 
s i m i l a r  to  th a t  a l re a d y  descr ibed in d e t a i l  in Section 1 o f  t h i s  Chapter .
The Group N s teers  (N1, N2, N3) were housed together  w i th  
Group K animals (K1, K2, K3, K4) on day 2 p . i .  and the 7 animals remained 
to g e th e r  u n t i l  the te rm in a t io n  o f  the exper iment .  The Group N s teers  
were used to  monitor v i ru s  e x c r e t io n  by the v a c c in a te s .  The parameters  
used to  check fo r  the immunity o f  these s teers  were c l i n i c a l  signs  
( temperature ,  r e s p i r a t o r y  r a t e ,  oc u la r  and nasal discharges as wel l  as
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l e s i o n s ) ,  v i ru s  e x c re t io n  and the development of  serum n e u t r a l i s i n g  
ant ibodi e s .
The d e t a i l s  o f  the c l i n i c a l  and sero lo g ic a l  examinations as 
well  as the technique used fo r  v i r u s  i s o la t i o n  were id e n t ic a l  to those  
described In Section 1 of  t h i s  Chapter.  None o f  these animals were 
slaughtered fo r  postmortem examinat ion.
RESULTS
Experiment 9.  Groups K, L , M and N s t e e r s .
C l i n i c a l  f e a t u r e s . The d e t a i l e d  c l i n i c a l  f in d in g s  o f  Group K s teers  
are  summarised In Appendix 4 ,  Table 9.
On day 2 p . i . .  Group K (vacc inates) s teers  became dul l  and had 
a s l i g h t  serous nasal discharge and a moderate pyrex ia  (1 03-10 4 . 2 ° F ) .
On days 3 and 4 p . i ,  the 4 s teers  in Group K were very d u l l ,  anorex ic  
and had a b i l a t e r a l  seromucoid to  mucopurulent nasal d ischarge .  S in g le ,  
dry ,  non-product ive  coughing was ev iden t  and t h e i r  temperatures rose even 
higher  (1 04-10 6 . 5 ° F ) . The nasal mucosae which were congested,  were 
covered w i th  numerous d i p h t h e r i t i c  yel lowish-brown les ions  (F igure  7 6 ) .  
C o n j u n c t i v i t i s  accompanied by serous ocu lar  discharge was a fe a tu r e  of 
every one of  these an imals .  From day 4 to  7 p . i .  they were seen to be 
tachypnoeic (RR ~ 40-70 /min ) and to  be d roo l ing  s a l i v a .
The 4 Group L s teers  which were the v i ru s  contro l  group,  
developed c l i n i c a l  response,  id e n t i c a l  in s e v e r i t y  to  th a t  o f  the Group K 
animals .  The animals In Group M which had recovered from the f i e l d  
disease remained c l i n i c a l l y  normal throughout the period of  the exper iment .
The Group N s teers  which were monitor ing the v i ru s  e x c re t io n  
by the vaccinated s teers  (Group K) developed ty p ic a l  c l i n i c a l  signs of  
IBR on day 6 a f t e r  t h e i r  i n t r o d u c t io n .  The s e v e r i t y  of  the c l i n i c a l  
signs was s im i l a r  to  those of  both the vaccinated group (Group K) and 
the contro l  group
Virus i s o la t i o n
These re s u l ts  are  presented in Table 28. The v i ru s  was 
recovered r e g u l a r l y  from nasal and ocu lar  discharges from day 4 to 12 and 
4 to  10 p . i .  r e s p e c t iv e ly  in Groups K and L.  in Group N the v i r u s  was 
recovered from nasal and o c u la r  discharges from day 7 to  14 and 7 to 10 
p . i .  r e s p e c t iv e ly .  In Group M, v i ru s  v/as recovered only  from the nasal 
discharge of  M2 from day 7 to  9 p . i . .
Sero log ica l  examination
The Group K animals were seronegative  3 weeks a f t e r  the second 
v a c c in a t io n .  Fol lowing chal lenge  wi th  the v i ru s  both Groups K and L 
developed d e te c ta b le  serum n e u t r a l i s i n g  a n t ib o d ies  between days 8 and 12 
p . i , .  Group M s teers  showed a s l i g h t  r i s e  in ant ibody t i t r e  on day 8 p . i .  
w h i le  Group N steers  developed d e te c ta b le  an t ib o d ies  on day 16 post contact
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FIGURE 76 . A close-up view of the nose of a s t i r k  vaccinated  
with  Pneumovac and challenged with  the Str ichen s t r a in  of  in fec t ious  
bovine r h i n o t r a c h e i t i s  v irus  6 weeks l a t e r .  Note the d i p h t h e r i t i c  
lesions on the mucosa of the nasal septum.
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DISCUSSION
Every susc e p t ib le  animal chal lenged w i th  the S tr ichen  s t r a i n  
of  IBR v i ru s  developed c l i n i c a l  signs s im i l a r  to ,  but g e n e r a l l y  m i ld e r  
than,  those observed in the  f i e l d  inc idents  (Chapter 2 ) ,  There was a 
n egat ive  c o r r e l a t i o n  between age and the s e v e r i t y  of  disease under these  
cond i t ions  o f  exposure,  i . e .  the c l i n i c a l  signs were most severe in the
2 week old calves and l e a s t  severe in the 18 month o ld  bu l locks .
S l ig h t  to  moderate du l lness  was usua l ly  the f i r s t  sign of  
i l l n e s s  and t h i s  g e n e r a l ly  became apparent 2 to  3 days fo l lo w in g  
i n f e c t i o n .  At the same t im e ,  pyrex ia  developed and achieved maximal 
values- of  106 to  107°F on the fo u r th  to  f i f t h  days a f t e r  c ha l lenge .  
Pyrexia  p e rs is te d  fo r  2 days and 5 days in the 18 month and 2 week old  
animals r e s p e c t i v e l y .  Although the onset of  fe v e r  was accompanied by 
a decrease In a p p e t i t e ,  a reduct ion  in the consumption of  roughage 
a lo n e ,  as observed in a few f i e l d  outbreaks,  was not a fe a tu r e  of  the 
exper imental  d isease.
The commonest present ing  sign was a b i l a t e r a l  nasal discharge  
which i n i t i a l l y  was serous,  but l a t e r  became mucoid or mucopurulent.
I t  would have been easy to  have missed the d ischarge ,  which was main ly  
serous in the o ld es t  (18 months) bu l locks  because they c o n s tan t ly  l i c k e d  
t h e i r  noses. In c o n tra s t  in the younger animals the discharge  
i n e v i t a b l y  became more copious and mucoid or mucopurulent in c h a r a c te r .  
This sequent ia l  change in the c h ara c te r  o f  nasal discharge was a lso  
noticed  by Webster and Manktelow (1959) in New Zealand and by Markson 
and Derbyshire  ( I 966) in England. In every group, the nasal mucosae 
were hyperaemic but p in p o in t  haemorrhages were observed only in the 6 
and 18 month o ld  an imals .  In a d d i t i o n ,  the mucosae appeared to be 
p a r t i c u l a r l y  f r i a b l e  since b leed ing was e a s i l y  induced on handl ing .  
However, in every age group, d i p h t h e r i t i c  ye l lowish-brown plaques were 
subsequently v i s i b l e  on the nasal mucosae.
S in g le ,  sporad ic ,  non-p roduct ive  coughing was another common 
present ing  c l i n i c a l  f e a t u r e .  Although the coughing g e n e r a l l y  began
3 days a f t e r  chal lenge and p e rs is te d  f o r  about 7 days,  2 o f  the 5 week 
old calves  continued to cough u n t i l  they were s laughtered  (33 days p . i . )  
Both these calves  and 2 o thers  in Group D (2 weeks old)  developed
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pneumonia. Although tachypnoea and hyperpnoea were common in every  age 
group, dyspnoea was a fe a t u r e  o f  the disease only in the 6 month old  
animals .
C o n j u n c t i v i t i s  developed in every  group although not in every  
an ima l .  In the o ldes t  group i t  was r e l a t i v e l y  m i ld  and p ers is ted  fo r  
up to  4 days.  In c o n tras t  i t  was severe in a number o f  animals in a l l  
the o ther  groups. Granular  c o n ju n ct iv a l  le s io n s ,  which were observed 
in some o f  the f i e l d  outbreaks,  were a ls o  seen in p a r t i c u l a r l y  severe ly  
a f f e c t e d  in d iv i d u a l s .  In the l a t e r  cases,  the re  was profuse  
lachrymat ion which re s u l te d  in the h a i r  on the an imals '  cheeks becoming 
matted.  Fine con ju n ct iv a l  haemorrhages as descr ibed by Dawson and 
others  (1962) in the f i e l d  disease and by Abi nanti  and Plumer (1961) in 
experiment in fe c t io n s  were not observed in any of  these e xp e r im en ta l ly  
in fe c te d  an imals .  S i m i l a r l y ,  k e r a t i t i s  did not develop; t h i s  agrees 
w ith  the experimental  f in d in g s  o f  McKercher and o th e rs ,  (1959);  Webster  
and Manktelow, (1959) ;  Abi nanti  and Plumer, (1961) and Markson and 
D erbyshire ,  (1966 ) .  Only Hughes and others  (1964) claims to  have 
produced k e r a t i t i s  fo l lo w in g  the chal lenge  of s usce pt ib le  calves wi th  
IBR V i r u s .
The d roo l ing  o f  c le a r  ropy s a l i v a  which was seen in every one 
of these experimental  animals was most profuse in those which were most 
sev ere ly  a f f e c t e d .  Hyperaemia of  the ora l  mucosae was p a r t i c u l a r l y  
n o t ic e a b le  in the young c a lves .  However, oral  les ions  as described by 
Welleman and others (1974) were never seen. One o f  the 2 week old  
ca lv es ,  which had developed d ia rrhoea  a few days p r io r  to cha l le n g e ,  
continued to be d ia r r h o e lc  and v/as found dead 3 days a f t e r  exposure to  
the IBR v i r u s .  U n f o r t u n a t e ly ,  a post mortem examinat ion was not 
p o s s ib le ,  but i t  is  very l i k e l y  t h a t  t h i s  c a l f  had died as a r e s u l t  of  
the  e n t e r ic  form of  col i b a c i 11 o s i s . None o f  the o ther  exper imental  
ca lves  became d i a r r h o e l c ;  t h is  is in c o n tras t  to the observations of  
Markson and Derbyshire  (1966) who reported t h a t  d ia rrhoea  was common 
in t h e i r  2 month o ld  calves  fo l lo w in g  chal lenge  w i th  the Oxford s t r a i n  
of IBR. However the s ig n i f i c a n c e  o f  th is  f in d in g  cannot be a c c u ra te ly  
assessed since there  would appear to  have been no contro l  animals.
Although none o f  these animals died as a r e s u l t  of  IBR, 3 o f  
the 7 young calves would have died had they not been s laughtered  fo r  
humane reasons on the days a l re a d y  s ta te d .
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On haematological  examinat ion the re  was a progressive  decrease  
in the mean t o t a l  wh i te  blood c e l l  count in the Group A (18 month old)  
bul locks w h i le  th a t  o f  Groups B and C increased u n t i l  day 4 post exposure 
and t h e r e a f t e r  decreased p ro g re s s iv e ly  u n t i l  day 20.  The leucopenia  
and neutropenia in the Group A bul locks  is cons is tent  to  the  
haematological  change r e s u l t in g  from a v i ru s  i n f e c t io n  (Lewis and Shope, 
1929) .  On the o ther  hand th e re  was a s l i g h t  i n i t i a l  leu cocytos is  and 
n e u t r o p h i l i a  in the Group B and C (6 month and 5 week old re s p e c t iv e ly )  
animals before  the numbers o f  w h i te  blood c e l l  count and neu tro p h i ls  
decreased. This possib ly  is an age r e la t e d  response since i t  has been 
shown th a t  young c a t t l e  develop n e u t r o p h i l i a  fo l lo w in g  a v i r u s  in f e c t io n  
(Schalin, Jain and C a r r o l ,  1975) .
That the c l i n i c a l  disease was considerably  more severe in the  
2 and 5 week old calves  than in e i t h e r  the 6 month old s t i r k s  or In the  
18 month o ld  bu l locks  Is In keeping w i th  the observations of  Webster and 
Manktelow (1959) who found th a t  the disease was more severe in week-old  
calves  than in y e a r l in g s  or a d u l t  c a t t l e .  This obvious a g e - r e la t e d  
d i f f e r e n c e  In s u s c e p t i b i l i t y  to  the IBR v i ru s  is probably the r e s u l t  
o f  an immature c e l l  mediated defence mechanism in these young c a t t l e .
The v i r u s  of  IBR was i s o la te d  r e g u la r ly  from both nasal and 
oc u la r  discharges fo r  up to  13 days post cha l lenge .  V irus  was 
recovered fo r  a shor te r  per iod from the o cu lar  discharges (average 6 days) 
than th a t  from the nasal discharges (average 10 days).  This could very  
wel l  be the exp lan a t io n  fo r  the d i f f e r e n c e  in the recovery of  v i r u s  from 
o cu lar  and nasal swabs taken dur ing the f i e l d  outbreaks (Chapter 2 ) .
The r e - i s o l a t e d  v i r u s  produced the t y p ic a l  BHV 1 c y to p a th ic  e f f e c t  and 
was n e u t r a l i s e d  by s p e c i f i c  hyperimmune serum. At necropsy,  the v i ru s  
was f r e q u e n t ly  recovered from the t u r b i n a t e s ,  the  pharynx, the la r y n x ,  
the  upper and lower trachea as wel l  as from the local  lymph nodes. I t  
is o f  c ons iderab le  i n t e r e s t  t h a t  the  v i ru s  was not i s o la t e d  from the  
lungs o f  any o f  these e x p e r im e n t a l ly  In fe c ted  animals .  On the o ther  
hand, v i ru s  was is o la te d  on a few occasions from the  l i v e r  and kidneys;  
t h i s  had possib ly  re su l te d  from the m ig ra t io n  o f  in fe c ted  leucocytes  
from the r e s p i r a t o r y  t r a c t  to  o th e r  organs (McKercher and o th e rs ,  1963) 
since  a t ru e  v iraemia  has not been es ta b l is h e d  w i th  e i t h e r  t h i s  s t r a i n  
(Msolla  and Wiseman, 1979) or w i th  o ther  s t r a in s  o f  1ER v i r u s  (McKercher 
and o t h e r s , 1 9&3) .
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In the c urren t  s tu d ie s ,  a l l  the experimental  c a t t l e  had 
developed d e te c ta b le  serum n e u t r a l i s i n g  an t ibod ies  w i t h in  days of  being 
exposed to the v i r u s .  The e a r l i e s t  t ime th a t  a n t ibod ies  were detected  
was 7 days a f t e r  chal lenge  (A4).  in c o n tras t  In o ther  experiments a 
s i g n i f i c a n t  proport ion  o f  animals ,  25 per cent (Abinant i  and Plumer,
1961) and 17 per cent (Hughes and o th e rs ,  1964),  did not produce a 
d e te c t a b le  t i t r e  of  n e u t r a l i s i n g  a n t ib o d ie s .  The h ighest t i t r e s  3 weeks 
a f t e r  c h a l 1enge in In d iv id u a l  animals were 1:128 (Group A) , 1:32 (Group B ) , 
1:16  (Group C) and 1:24  (Group D) . The 18 month old bul locks (Group A)
appear to have had a more e f f i c i e n t  immunological response In th a t  
ant ib o d ies  were detected much e a r l i e r  and the 3 week t i t r e s  were 
considerably  h igher  than in the younger animals .  This probably  
ind ica tes  th a t  the o ld e r  bul locks were Immunological1 y more competent 
than the young ca lves .
The les ions  found at  necropsy were s im i la r  in d i s t r i b u t i o n  but 
were less severe than those seen in the f i e l d  outbreaks (Chapter 2 ) .
There was r h i n i t i s  w i th  d i p h t h e r i t i c  les ions  in the nasal mucosae, 
p h a r y n g i t is ,  l a r y n g i t i s  and t r a c h e i t i s  w i th  petechia l  haemorrhages.  
Thrombosis of  the pulmonary veins was not present in any of  the  
e x p e r im en ta l ly  in fe c ted  animals and t h i s  was almost c e r t a i n l y  the reason 
why renal  i n f a r c t i o n  was never seen; these 2 les ions were commonly 
encountered in severe f i e l d  cases.  A c l i n i c a l l y  d e te c ta b le  pneumonia 
developed in the 2 week and 5 week o ld  calves only and on macroscopic 
and microscopic examinat ions,  these were confirmed as being acute  
exudat ive  pneumonias.
The animals chal lenged w i th  the Colorado and Oxford s t r a in  of  
IBR v i ru s  responded in a s i m i l a r  manner as those chal lenged w i th  the  
S tr iche n  s t r a i n .  However, the c l i n i c a l  and pa tho log ica l  responses 
were much less severe w i th  the Oxford s t r a i n  which produced only  very  
mild c l i n i c a l  signs and pa tho log ica l  l e s io n s .  Since the chal lenge  
dose o f  v i r u s ,  the age o f  the exper imental  animals and t h e i r  immunological 
sta tus  were the same p r io r  to c h a l le n g e ,  these f in d in g s  conf irm th a t  the  
Str ich en  s t r a i n  is much more v i r u l e n t  than the Oxford s t r a i n .  On the 
other  hand, the response w i th  the Colorado s t r a in  was a ls o  less severe 
than th a t  produced by the S t r ichen  s t r a i n  despi te  the fa c t  th a t  i t  had 
been is o la te d  from o r i g i n a l  severe outbreaks in Colorado. However, the 
l a t e r  v i r u s  had been passaged 28 times in bovine t i s s u e  c u l t u r e  systems
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and pe r haps  t h i s  had a d v e r s e l y  a f f e c t e d  i t s  p a t h o g e n i c i t y .
Following recovery  from primary in f e c t io n  w i th  a herpes v i r u s ,  
i t  is common fo r  the v i ru s  to  p e r s is t  in the host (M a r t in ,  1976).  This  
phenomenon which is u s u a l ly  r e f e r r e d  to  as l a t e n t  i n f e c t i o n ,  has been 
e x t e n s iv e ly  studied by Paine (1964) who found th a t  Herpes simplex in 
man was a p e r s i s t e n t  and re c u r re n t  in f e c t i o n  which,  under s t r e s s ,  could 
be re a c t i v a t e d  g iv ing  r i s e  to  the c h a r a c t e r i s t i c  acute c l i n i c a l  syndrome. 
P a r a l l e l  s tudies  in c a t t l e  in fe c te d  w i th  BHV 1 have confirmed th a t  IBR 
v i ru s  is re -e x c re t e d  by recovered animals ;  mi ld  c l i n i c a l  disease has 
a r is e n  fo l lo w in g  the a d m in is t r a t io n  o f  drugs wi th  g lu c o c o r t ic o id  a c t i v i t y  
(Sheffy and Davies 1972; Gibbs and others  1974),  Caesarian section  
(Lomba and others  1976) and experimenta l  P a ra - in f lu e n z a  type 3 v i ru s  
i n f e c t io n  (Mansik and others  1976) .  Fol lowing exposure of  recovered  
cases of  IBR to normal lungworm la r v a e ,  c l i n i c a l  signs t y p ic a l  o f  IBR 
developed from day 11 post ch a l len g e .  A f fe c te d  in d iv id u a ls  became d u l l ,  
t h e i r  a p p e t i t e  decreased, pyrex ia  (103.2  - 105.2*^F) developed as wel l  as 
a profuse b i l a t e r a l ,  serous,  nasal d ischarge .  These animals a lso  
became tachypnoeic and they coughed f r e q u e n t ly .  The v i ru s  was recovered  
from nasal discharges and at  necropsy from the tu r b in a te s  and the upper 
t rachea .  Typical  les ions  of  IBR were confirmed when animals were 
examined post mortem a t  15 and 17 days a f t e r  lungworm la r v a l  c ha l lenge .  
The onset of  the c l i n i c a l  signs which were ty p ic a l  of  IBR occurred  
e a r l i e r  than would have been expected in a primary i n f e c t i o n  w i th  a 
moderate number of  _D, v iv ip a r u s  la rv a e  ( J a r r e t t ,  Jennings,  M c In ty re ,  
M u l l ig an  and Urquhart ,  1957).  These experiments have demonstrated  
t h a t  chal lenge wi th  D^. v i v i  parus la rv a e  in numbers th a t  can produce 
c l i n i c a l  signs of  p a r a s i t i c  b r o n c h i t i s  can r e s u l t  in the r e - a c t i v a t i o n  
and e x c re t io n  o f  IBR v i r u s .  Although c l i n i c a l  signs d id  not develop  
in animals given only  1 ,000 l a r v a e ,  never the less  v i rus  was is o la te d  
from the nasal discharge of  one of  them. In c o n t r a s t ,  n e i t h e r  were 
Confirmed in the animals given the lungworm vaccine " D i c t o l " .  M i ld  
outbreaks o f  IBR have been diagnosed during the summer in grazing s t i r k s  
( Im ray ,  1979b) and th e r e f o r e  i t  is possib le  th a t  these inc idents  had 
re su l te d  from the r e a c t i v a t i o n  o f  l a t e n t  in f e c t io n  by lungworm la r v a e .
When h e i f e r s  wi th  no d e te c ta b le  an t ib o d ies  to  IBR v i ru s  were 
challenged by the in t r a v a g in a l  route  wi th  the S t r ichen  s t r a i n ,  they 
developed c l i n i c a l  signs s im i l a r  to  those observed in f i e l d  outbreaks
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o f  IPv (Col l in g s  and others  1972) and in the e x p e r im en ta l ly  produced 
disease (McKercher and o th e rs ,  1959 ) .  The i n t e r m i t t e n t  recovery o f  the  
v i ru s  from the vaginal  discharges fo r  up to 21 days a f t e r  chal lenge  is in 
keeping w i th  the f in d in g s  of Huck, M i l l e r  and Woods (1973) who e v e n tu a l ly  
recovered the v i ru s  from the vaginal  discharges of  e x p e r im e n ta l ly  in fe c ted  
h e i f e r s  up to  358 days a f t e r  i n f e c t i o n .
A s ero log ic a l  response to  the IBR component of  the in a c t iv a te d  
vaccine,  Pneumovac P lus,  was not de tected  In any o f  the 4 calves 3 weeks 
a f t e r  t h e i r  second v a c c in a t io n  ( i . e .  1 week p r io r  to  c h a l l e n g e ) .  When 
challenged with  the S t r iche n  s t r a i n  o f  v i r u s ,  the development of  c l i n i c a l  
signs,  the s e ro log ic a l  responses and the v i rus  e x c re t io n  pa t te rns  were 
v i r t u a l l y  id e n t ic a l  to those of  the contro l  groups. Suscept ib le  calves  
housed w i th  the vaccinates  a lso  developed ty p ic a l  signs o f  IBR. In 
marked c o n t r a s t ,  the 4 animals ,  which had recovered from the f i e l d  
disease,  did not reac t  c l i n i c a l l y  fo l lo w in g  cha l lenge and v i ru s  exc re t io n  
was l i m i t e d  to  only 1 s t i r k  fo r  a period o f  3 days; t h i s  animal had the  
lowest serum antibody  t i t r e  (1 :4) .
As a r e s u l t  o f  t h is  study,  i t  can be s ta ted  th a t  Pneumovac Plus 
did not provoke a d e te c t a b le  serum n e u t r a l i s i n g  ant ibody response and did  
not confer p ro te c t io n  aga ins t  chal lenge  w i th  the S t r ich en  s t r a i n  o f  IBR 
v i r u s .  Furthermore,  r e p l i c a t i o n  o f  the cha l lenge v i ru s  a p p a re n t ly  
occurred w i thout  hindrance s in ce ,  w i t h i n  a few days of  cha l len g e ,  
vacc inated  calves were i n f e c t i v e  f o r  in con tac t ,  seronegative  in d iv i d u a l s .
The most recent i s o la t e  o f  IBR v irus  in B r i t a i n  (S tr ichen  
s t r a in )  produced c h a r a c t e r i s t i c  c l i n i c a l  signs and pa tho log ica l  les ions  
In e x p e r im e n ta l ly  in fe c ted  s u sc e p t ib le  c a t t l e .  In common w i th  o ther  
s t r a in s  o f  t h is  v i r u s ,  the e x p e r im e n t a l ly  produced disease was less  
severe than the f i e l d  in c id e n ts .  The c l i n i c a l  disease was much more 
severe in young calves than In o ld e r  c a t t l e .  The S t r ich en  s t r a in  
produced a more severe disease than did the Colorado s t r a i n  and a 
considerably  more severe d is order  than the Oxford s t r a i n .  Furthermore,  
the S tr ichen  s t r a in  was confirmed as producing severe IPV when given  
in t ra v a g i  na i l  y al though t h is  form o f  disease has not been confirmed in 
any o f  the f i e l d  outbreaks o f  IBR in v e s t ig a te d  (Chapter 2 ) ,
I t  was of  cons iderab le  i n t e r e s t  to  f in d  th a t  i n f e c t i o n  w i th  
even small numbers o f  D^. v i v i  parus la rv a e  (1,000) could produce
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r e a c t i v a t i o n  and e x c re t io n  of  v i ru s  which could then be t ra n s m it te d  to  
su sce p t ib le  in contact an imals .  The only vaccine aga ins t  IBR c u r r e n t l y  
a v a i l a b l e  in B r i t a i n  was unable to  give  a d e te c tab le  measure of  
p ro te c t io n  aga ins t  chal lenge w i th  the v i r u l e n t  S tr ichen  s t r a i n  of  v i r u s .  
These re s u l ts  conf irm the need fo r  a safe and e f f e c t i v e  vaccine aga ins t  
I BR in B r i t a i n .
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CHAPTER 6
DIFFERENTIAL DIAGNOSIS OF INFECTIOUS 
BOVINE RHI NOTRACHEITIS
INTRODUCTION
In fe c t io u s  bovine r h i n o t r a c h e I t i s  is an acu te ,  contagious  
co n d i t io n  c h a ra c te r is e d  by severe inf lammatory changes in the upper 
r e s p i r a t o r y  t r a c t  and t ra c h ea .  There is usua l ly  p y r e x ia ,  d u l ln e s s ,  
reduced a p p e t i t e  and a b i l a t e r a l  nasal and ocu lar  discharge w i th  the 
d roo l ing  o f  s a l i v a .  Thus cond i t ions  which are  l i k e l y  to be confused 
w ith  IBR are  those which are  c h a ra c te r is e d  by ocu lar  and upper r e s p i r a t o r y  
t r a c t  les ions  and s a l i v a t i o n  (Table 2 9 ) .  However d iagnosis  is not made 
on c l i n i c a l  examinat ion a lone since h is t o r y  and ep idemio log ica l  fea tu re s  
are  e q u a l ly  important and in c e r t a i n  s i t u a t i o n s  may be more v a luab le  
than the c l i n i c a l  examinat ion in a r r i v i n g  a t  the d iagnos is .  Where 
a p p ro p r ia te  these c l i n i c a l  f in d in g s  may be supplemented wi th  postmortem 
f in d in g s  and toge ther  they should provide enough in format ion  where doubt 
e x is t s  on c l i n i c a l  and ep idem io log ica l  f in d in g s .  This discussion is 
based on c l i n i c a l  cases examined a t  the V e t e r in a r y  School as wel l  as 
exper ience  gained during the numerous farm v i s i t s  made in the course 
of t h i s  work.
DISCUSSION
In fe c t io u s  bovine r h i n o t r a c h e i t i s  which has been encountered 
in a l l  classes o f  c a t t l e  is  most common in f a t t e n i n g  animals (6 months 
to  2 years o f  age) during the w in te r  housing per iod .  In these types of  
animals ,  c l i n i c a l  signs o f  disease have appeared in purchased animals  
w i t h i n  4 weeks o f  t h e i r  a r r i v a l .  Although the most severe inc idents  
appear to  have occurred in Scot land,  t h i s  d isorder  has now been confirmed  
in v i r t u a l l y  every part  o f  the B r i t i s h  mainland. The main presenting  
signs are  reduced a p p e t i t e ,  d u l ln e s s ,  serous to mucopurulent ocular  and 
nasal d i s c h a r g e s , d r o o l i n g  s a l iv a  and frequent coughing.  On c l i n i c a l  
examinat ion,  p y re x ia ,  c o n j u n c t i v i t i s  and d i p h t h e r i t i c  les ions  on the  
nasal mucosae are  f r e q u e n t ly  p rese nt .  For l a b o ra to ry  co n f i rm a t io n  v i ru s  
can be is o la te d  from nasal and ocu la r  swabs taken during the e a r l y  stages  
o f  the d isease.  A r i s i n g  ant ibody  t i t r e  in a re p r e s e n ta t i v e  number of  
a f f e c t e d  animals is a lso  u s e f u l .
Foot and mouth d isease ,  which is n o t i f i a b l e  in B r i t a i n ,  must 
be considered f i r s t  when several  animals in the same group are  seen to  be 
d ro o l in g  la rg e  amounts of  s a l i v a .  In t h i s  d isease,  v e s ic le s  are  almost  
always present in the  tongue. In outbreak  12 fo ot  and mouth disease  
was suspected u n t i l  c l i n i c a l  examinat ion o f  the ora l  c a v i t i e s  o f  a f f e c t e d
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a n i m a l s  r e v e a l e d  t h e  abs ence  o f  l e s i o n s .
T r a n s i t  fe v e r  is a commonly diagnosed c o n d i t io n  in re c e n t ly  
purchased an imals ,  p a r t i c u l a r l y  in those areas where the incidence o f  
IBR have been highest  (Hepburn, 1925; Anderson, 1939; P ic k e r in g ,  1939)» 
i . e .  the predominantly beef f a t t e n i n g  areas o f  B r i t a i n ,  The incidence  
is highest in the l a t e  autumn when l a rg e  numbers of  suckled calves are  
sold a t  special  s a les .  The c l i n i c a l  signs re s u l t  from a severe exudative  
pneumonia which is thought to  be the  r e s u l t  o f  a primary v i ru s  in f e c t i o n  
(Pa ra in f lu e n za  v i ru s  type 3,  IBR) fo l lowed by a secondary I n f e c t i o n  wi th  
P a s t . haemolyt Ica or P a s t . multoe i da . For l a b o ra to ry  c o n f i rm a t io n ,  
P a s te u re l la e  species can be is o la te d  r e g u l a r l y  from nasal swabs in e a r l y  
u ntreated  cases.  There is sudden onset extreme d u l ln es s ,  tachypnoea 
and anorexia  w i th  pyrex ia  (104-108^F) .  On a u s c u l ta t io n  f i n e  crack les  
may be heard c r a n i o - v e n t r a l 1 y and t h o r a c ic  pain may be detected on 
percussion.  L a t t e r l y ,  e x p i r a t o r y  grunting  may develop and, i f  u n t r e a t e d , ;  
the animal w i l l  u s ua l ly  d ie  w i t h i n  72 hours.  Although serous ocu lar  and 
nasal discharges are present in many cases of  t r a n s i t  f e v e r ,  they are  
much less  severe than animals s u f f e r i n g  from IBR. In a d d i t i o n ,  pneumonia 
is not a f e a tu r e  in the e a r l y  stages of  IBR and th e r e f o r e  a f f e c t e d  animals  
are much b r i g h t e r  than those w i th  t r a n s i t  f e v e r .
In fe c t io u s  bovine k e r a t o c o n j u n c t i v i t i s  (IBK) is a common 
disease o f  young c a t t l e  throughout the  year .  The major pathogen is 
considered to  be M oraxe l1 a bov i s , al though o ther  i n f e c t io u s  agents may 
be necessary fo r  t h is  organism to e x e r t  i t s  f u l l  pathogenic e f f e c t  
(Langford and Dorward, 1969; W i lcox,  1970) .  I t  has been proven 
e x p e r im e n t a l ly  th a t  IBR v i ru s  enhances the p a th o g e n ic i ty  of  M. bovis 
(Pugh and o th e rs ,  1976) .  Lesions a re  o f ten  confined to  one eye and 
th e re  is a copious serous lachrym at ion ,  c o n j u n c t i v i t i s ,  k e r a t i t i s  and 
u l c e r a t i o n .  in severe cases both eyes may be a f f e c t e d  and the re  can 
be photophobia,  blepharospasm and in some cases,  s l i g h t  f e v e r .  As the 
acute inf lammation subsides,  the ocu lar  discharge becomes p u ru le n t ,  
the c en t ra l  opac i ty  g r a d u a l ly  becomes smal ler  and recovery u s u a l ly  takes  
place w i t h i n  3 to 5 weeks. For l a b o ra to ry  c o n f i rm a t io n ,  M. bovIs can 
be is o la te d  from ocu lar  swabs. Centra l  k e r a t i t i s  has only  been produced 
by one i s o la t e  o f  IBR v i r u s  (Hughes and o th e rs ,  1964) fo l lo w in g  
experimenta l  i n f e c t i o n  but none o f  the calves  given the S tr ichen  s t r a i n  
o f  the v i r u s  have ever developed k e r a t i t i s .  Consequently,  the presence 
o f  k e r a t i t i s  and u l c e r a t i o n  should be considered as i n d i c a t i v e  of  IBK
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and not IBR. Of course,  under f i e l d  co n d i t io n s ,  i t  is common fo r  both 
the  diseases to  be present in one group o f  animals (Chapter 2 ) .
When nasal discharge and droo l in g  s a l iv a  occur toge ther  in the  
same animal ,  mucosal disease should be suspected.  This cond i t ion  which 
is p reva len t  in young c a t t l e  tends to  be most common in w i n t e r .  The 
c l i n i c a l  signs of  mucosal d isease ,  which is a lso  known as the sporadic  
form o f  bovine v i ru s  d ia r rh o e a ,  develop in a proport ion  o f  c a t t l e  
fo l lo w in g  i n f e c t io n  w i th  a Togavirus ,  For la b o ra to ry  c o n f i rm a t io n ,  
the v i ru s  of  mucosal disease can be i s o la te d  from blood and faeces.
U n l ike  IBR and t r a n s i t  f e v e r ,  nasal swabs are  o f  l i t t l e  use in confi rming  
t h i s  d isease.  In the e a r l y  stages,  th e re  is s l i g h t  d u l ln e s s ,  anorex ia  
and pyrexia  (l 03 - 107* F^) , u s u a l ly  w i th  a b i l a t e r a l  serous nasal discharge  
which in severe cases becomes mucopurulent (F igure 7 7 ) .  Lachrymation  
o f te n  occurs but I t  is not a major f e a t u r e .  The oral  mucosae i n i t i a l l y  
appears salmon pink in colour but l a t e r  s u p e r f i c i a l  eros ions  appear w i th  
the d roo l ing  of  copious amounts o f  viscous s a l iv a  (F igure 78 ) .
S u p e r f i c ia l  erosions may a lso  appear on the muzzle which can become 
" c r u s t y " .  One o f  the main c h a r a c t e r i s t i c  fe a tu re s  o f  t h i s  d isorder  is 
profuse d iarrhoea  which is the r e s u l t  o f  u lc e r a t io n  along v i r t u a l l y  the  
e n t i r e  length  o f  the g a s t r o i n t e s t i n a l  t r a c t .  Another major fe a t u r e  is 
lameness r e s u l t i n g  from i n t e r d i g i t a l  u l c e r a t i o n .  Unl ike  mucosal 
disease ,  the presence o f  ora l  l e s io n s ,  d iarrhoea and lameness are not 
f e a tu re s  o f  IBR,
Mal ignant c a t a r r h a l  fever  is an a c u t e , in fe c t io u s  non 
contagious disease which is most common in 1 to  3 year old c a t t l e .
Cases u su a l ly  a r i s e  in the e a r l y  summer in animals which have had some 
a s s o c ia t io n  with  lambing ewes (Selman, Wiseman, Max Murray and W r igh t ,  
1 974) .  Since the a e t i o l o g i c a l  agent o f  malignant c a t a r r h a l  fe v e r  In 
Europe has yet to  be i d e n t i f i e d ,  d iagnosis  must be confirmed a t  necropsy.  
A f f e c te d  in d iv id u a ls  a re  moderately  to  severe ly  dul l  and anorex ic  w i th  
pyrex ia  (105-108°F) , There is u s u a l ly  a b i l a t e r a l  serous nasal discharge  
which l a t e r  becomes mucopurulent (F igure  7 9 ) .  The e y e l id s  a re  swollen  
and the re  is severe c o n j u n c t i v i t i s .  Photophobia wi th  blepharospasm 
are  u s u a l ly  e v id e n t .  K e r a t i t i s ,  which is the most obvious c l i n i c a l  
evidence o f  pa nophtha lm it is ,  begins a t  the c o r n e a l - s c le r a l  j u n c t io n  and 
spreads c e n t r ip e t a l  1 y f i n a l l y  lead ing to  t o t a l  b l indness .  Corneal
u l c e r a t i o n  is not a f e a t u r e  o f  malignant c a ta r rh a l  f e v e r .  There îs  a
b i l a t e r a l  mucopurulent nasal discharge and crack ing o f  the muzzle
217
f r e q u e n t ly  occurs.  The droo l ing  o f  s a l i v a  can f r e q u e n t ly  be seen and 
on opening the a n im a l 's  mouth, hyperaemia o f  the oral  mucosae is present  
in the e a r l y  stages of  the d isease.  L a te r  shal low, i r r e g u l a r  erosions  
w i th  d ip h th e re s is  may become e v id e n t .  Necrosis and haemorrhage of the  
t i p s  of  the ora l  p a p i l l a e  is common. Other c h a r a c t e r i s t i c  fe a tu re s  
inc lude marked s u p e r f i c i a l  lymph node enlargement,  d e r m a t i t i s  w i th  
erythema and eczema, in co o rd in a t io n  and head press ing.  Although the  
ocular  and nasal signs are  more severe in malignant c a ta r rh a l  fever  
than in IBR, the la rge  number o f  the o ther  c h a r a c t e r i s t i c s  of  the former  
disease,  inc lud ing  k e r a t i t i s ,  ensures t h a t  the re  is u s u a l ly  l i t t l e
d i f f i c u l t y  In d i f f e r e n t i a t i n g  between them.
P h o to s e n s i t is a t io n  is the name given to the d e r m a t i t i s  which 
develops when non-p1gmented s e n s i t is e d  areas o f  ski n a re  exposed to  
strong l i g h t .  A p a r t i c u l a r l y  severe form of  p h o to s e n s i t is a t io n  has 
been encountered in graz ing  Hereford cross h e i f e r s .  Lesions are  
commonly seen around the eyes and muzzle.  The non-pigrnented parts  of  
the e y e l id s  become inf lamed,  c o n j u n c t i v i t i s  a lso  develops as well  as a 
profuse serous lachrymat ion which r e s u l t s  in the medial canthi  becoming 
"sca lded"  (F igure 8 0 ) .  The non-pigmented areas of  the muzzle crack  
and peal o f f  leav ing unprotected under ly ing t issues  which may bleed 
e a s i l y  (F igure 8 1 ) .  There Is u s u a l ly  a b i l a t e r a l  seromucoid nasal 
discharge .  Several  days a f t e r  these signs have developed, the skin
over the re s t  of  the face and the o ther  non-pigrnented areas of  the body
becomes hard and i t  too sloughs o f f  e v e n t u a l l y .  Swel l ing  of  the vulva  
and hardening o f  the l a t e r a l  aspects o f  the te a ts  a ls o  commonly occurs.  
The nature  o f  the les ions  and t h e i r  obvious confinement to the non- 
pigmented areas of  the skin is pathognomonic of  t h is  c o n d i t io n .
Although IBR has been confirmed in grazing c a t t l e ,  the c l i n i c a l  
signs are  much less  severe than in housed animals .  P a r a s i t i c  
b ro n c h i t i s  should be the f i r s t  disease to  be considered when immature 
graz ing  c a t t l e  develop r e s p i r a t o r y  d isease.  With p a r a s i t i c  b r o n c h i t i s  
th e re  is n e i th e r  o cu lar  nor nasal discharge and tachypnoea and 
hyperpnoea are  c h a r a c t e r i s t i c  fe a tu re s  in a d d i t io n  to  frequent coughing.  
On a u s c u l t a t i o n ,  squeaks and c rack les  can o f te n  be heard o f  the caudal 
lung lobes.  Laboratory  co n f i rm a t io n  depends on the I d e n t i f i c a t i o n  of  
D. v i v i parus la rv a e  in the faeces.
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In fe c t io u s  bovine r h i n o t r a c h e i t i s  was confirmed in young 
calves  on a s in g le  farm and the c l i n i c a l  signs were id e n t ic a l  to  those  
which developed in f a t t e n i n g  c a t t l e .  There was n e i t h e r  an increase in 
the incidence of neonatal  d ia rrhoea  as has been reported from Belgium 
by Wellemans and others  (1974) nor an increase  in neonatal  m o r t a l i t y .
In a d u l t  c a t t l e ,  f requent  coughing o f ten  assoc iated  w i th  the  
feed ing  of mouldy hay and the subsequent development o f  fa rm er 's  lung 
disease in a number o f  the o ld e r  animals (Wiseman, 1978 ) .  Farmer's lung 
is an a l l e r g i c  pneumonia with  n e i t h e r  upper r e s p i r a t o r y  t r a c t  nor ocular  
involvement suggestive  of  IBR v i r u s  i n f e c t i o n .
The severe form o f  IBR is u n l i k e l y  to be confused w i th  any o f  
the diseases described above. However, as in f e c t io n  w i th  the present  
w i ld  s t r a i n  o f  the v i ru s  becomes endemic,  i t  is l i k e l y  t h a t  the c l i n i c a l  
disease v / i l l  become less severe and more v a r i a b l e ,  such as the  
development of  severe c o n j u n c t i v i t i s  w i th  minimal upper r e s p i r a t o r y  t r a c t  
s ig n s .
219
+J
<u
c >
> 4-Jo O
J3 C
3
(/)
3 C
O oo4-< o
O +J
Q) IDM- u
C C)
+ I I t  Î
I 4-» O —
+j tr>
*1* + I I + I
w  —
C  fOm ~c
C  1 - cn L. — <TJ 
r— -w (0 m z: o
+ 4" 4- 4- 4- 4- 4-
+ t 4- 4- -t- 4- 4-4- 4- 4- 4- 4- + 4- + 1 t  -f I
t +
1_OJ
>
(n
c.ID
f-
(U
c
>  —
O  4-J JD •“ <U
in  -C  3 Ü 
O  Q
• — L_
+J +J
o  o<D C 
C J=
t  Î
+ 1 I + I
Î  Î  Î + 1
4->
C •M
cn 0)Û.
v> CL
<0
to
<0 -a IDu <u (Uc o Xc 3 0)
13
3 0> >-o o oc Û-
(U
V i cn
L . to
+J ID
JZ .
c:
o
> u ID ID
0> <0 to V i (U O ID
cn 4-J <D cn o O ID
i_ o 4-J 13 c c c a) C
Iw ID c CL CL o o
ID J3 3 4-> JZ >- L. c G
O •“1 ID ID ID cn _c QJ CL 3
3  to c L. lO to 3 Ü CL to 0
o o o ID ID o ID >. >- C
O  Q o hC Z Z o \ - Z o D-
220
0to
4J
c >
> 4-1o U
_o C
to
3 
• —i
3 Co o
u
4J o
u 4-J
0 0
u - i_
cz (1)
—
(0
(/)
I + J
o
4-J (/)o c
JZ 0  D. to
■M r—
c m m _c
c  L_
cn L.• fO 
r™  4-J 
ID (D Z  O
0
to
ID0
to
"O
L .
0
>
0
U .
0
C
to
>
o 4-J
-Û
0
to JZ
3 o
o 0
L-
4-J 4-J
O o
0) c14-
c -CL.
Ccn
c
o
c
0 o
-Q 4J
0 0. 0
0 uS- c 0
0 o s_ u
> O
o *3
I + 1
Ul
0
to 0
1-
0 to 0
O
J 3 i_ ■n
0 u 0
0 t 4-J
L . c c c
0 o o a)
> c c
1 ,
c
CO Cl
4-
+1
V
LTV
V
(VI
ICvj
cnc
§
t-o
0
o
toc
cn
(/)
zt_j
5^
> -4J
J3
L .
O
>-
4-»
0
4->
l_
o
221
4-J
0 0 C
* 0 Q)
o O F
C 0
M— cn
-C S-
a) Cl 0
D - h
3 > • c
CO I— 0
0 to
4-J c C
o
o c n
O 4-J u1 c n x> 0
L A s L . i - >4-0 0 o
4-J u
C 0
— 3 o
Ü
Ü c0 0o CL
to
0
l_
3
4-»
0
0
0
_C
c
cn
<4-o
>•
Ü
c
0
3cr
0
"O
c
I 4-1 4- 4* +
4* 4-
FIGURE 77. A c lose-up view of the muzzle of a s t i r k  su f fe r in g  
from mucosal disease.  Crusting of the muzzle and a b i l a t e r a l  
mucopurulent nasal discharge can be seen.
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FIGURE 78 . A close-up view of the muzzle of  an animal s u f fe r ing  
from mucosal disease.  A moderate amount of f ro thy  s a l iv a  can be 
seen drooling  from i t s  mouth. Encrustat ion of the muzzle can be 
observed p a r t i c u l a r l y  at  the skin-muzzle ju n c t io n .
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FIGURE 79. A close-up view of the head of an animal su f fe r ing  
from malignant catarrha l  fe v e r .  Swell ing of  the eye l ids  and 
k e r a t i t i s  can be seen. There is a profuse b i l a t e r a l  mucopurulent 
nasal discharge wi th cracking of the muzzle. Drooling of  sa l iva  
is a lso e v id e n t .
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FIGURE 80 . A c lose-up view of the eye of a Hereford cross h e i fe r  
s u f fe r in g  from p h o to s e n s i t is a t io n .  There is c o n j u n c t i v i t i s ,  
erosion of the ep i the l ium  around the eye p a r t i c u l a r l y  at  the medial 
canthus and profuse 1achrymation. Note that there is no k e r a t i t i s
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FIGURE 81 . A close-up view of the head of a Hereford cross h e i f e r  
suf fe r ing  from p h o to s e n s i t is a t io n .  There is profuse 1achrymation 
re su l t in g  in matting the ha i r  on the r ig h t  cheek. The surface  
epi the l ium of the muzzle has cracked and has pealed o f f  revea l ing  
subep i the l ia l  t issues .  A s l ig h t  serous nasal discharge is also  
ev i d e n t .
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GENERAL DISCUSSION
GENERAL DISCUSSION
I t  was during the e a r l y  months o f  the 1977-78 w in t e r  housing 
per iod  th a t  a number o f  outbreaks o f  a h i t h e r t o  unrecognised r e s p i r a t o r y  
d is o rd er  were seen in the north east o f  Scot land. Since t h i s  "new" 
c o n d i t io n  had almost in v a r i a b ly  developed in r e c e n t ly  purchased c a t t l e ,
I t  was o f ten  r e f e r r e d  to  as "funny"  or " p e c u l i a r "  t r a n s i t  f e v e r .  These 
were considered to  be " a t y p i c a l "  cases o f  t r a n s i t  fe v e r  because a f f e c t e d  
animals had c l i n i c a l  signs o f  a severe upper r e s p i r a t o r y  t r a c t  disease  
w ith  c o n j u n c t i v i t i s ,  but no evidence o f  pneumonia. In c o n t r a s t ,  the  
signs o f  " t y p i c a l "  t r a n s i t  fe v e r  are  those o f  a severe exudative  
pneumonia w i th  minimal upper r e s p i r a t o r y  t r a c t  and o c u la r  involvement  
(Hepburn, 1925 ) .  The "new" r e s p i r a t o r y  disease was subsequently
confirmed as being a p a r t i c u l a r l y  severe form of  IBR (Wiseman and o th e r s ,
1 978) .
The fa rm er 's  f i r s t  i n d ic a t io n  of  i l l n e s s  was u s u a l ly  one or  
more animals which were s l i g h t l y  du l l  and r e lu c t a n t  to  e a t .  Other  
common signs o f  disease not iced  by the  farmers included oc u la r  and/or  
nasal d ischarges,  a sudden increase in the frequency o f  coughing,  an
increased r a te  and depth o f  r e s p i r a t i o n ,  a reduced m i lk  y i e l d  and the
droo l in g  of  s a l i v a .  When they were examined c l i n i c a l l y ,  a l l  a f f e c t e d  
i n d iv id u a ls  were found to  be p y r e x ic .  There was no r e l a t i o n s h i p  
between the s e v e r i t y  o f  the du l lness  and the degree of  pyrex ia  since  
a p p are n t ly  hea l th y  animals o f t e n  had temperatures w e l l  in excess o f  103°F
The most common c l i n i c a l  sign was profuse serous nasal 
discharge which l a t e r  became mucoid or mucopurulent in severe cases.
I t  was not always immediately obvious th a t  a number of  c a t t l e  did have 
a serous nasal d ischarge because a f f e c t e d  in d iv id u a ls  were c o nstan t ly  
l i c k i n g  t h e i r  noses c le a n .  However, copious amounts o f  c le a r  discharge  
were seen when animals lowered t h e i r  heads to eat  or to  d r in k .  The 
nasal mucosae in such cases was obv iously  congested and f r e q u e n t ly  
small d i p h t h e r i t i c  plaques were seen; these plaques l a t e r  coalesced  
to  produce l a rg e  areas of  d i p h t h e r e s i s . The s e v e r i t y  o f  the nasal 
l es ions  toge ther  w i th  the presence o f  marked h a l i t o s i s ,  r e s p i r a t o r y  
d is t r e s s  and the f l u i d  t rachea l  noises which could be heard a l l  over  
the th o ra x ,  confirmed t h a t  the "new" form o f  IBR was cons iderab ly  more 
severe than t h a t  p re v io u s ly  reported  (Dawson and o th e r s ,  1962;
Derbyshire  and Shank, 1963; Col l in g s  and o th e rs ,  197 2 ) .  The e x ten t
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o f  the upper r e s p i r a t o r y  t r a c t  and trachea l  învolvemént meant t h a t  the  
degree o f  pulmonary involvement was d i f f i c u l t  to assess c r i t i c a l l y  
except in terminal  cases.
A moderate to severe c o n j u n c t i v i t i s ,  which re s u l te d  in profuse ,  
serous 1achrymation developed in a la rg e  pro port ion  o f  the animals In 
a l l  but 2 of  the 15 inc idents  in v e s t ig a te d .  The e y e l id s  of  severe  
cases were s l i g h t l y  swollen and congested and t h i s  gave w h i te - fa c e d  
animals the appearance o f  having a pink "ha lo"  round each eye.
Although marked co n ju n c t iv a l  oedema was sometimes present in severe ly  
a f f e c t e d  animals ,  haemorrhages were never observed e i t h e r  in the f i e l d  
inc iden ts  or f o l lo w in g  experimenta l  i n f e c t i o n .  I t  is i n t e r e s t i n g  th a t  
t h i s  has a lso  been the exper ience of  other  workers who have studied the  
present epidemic in d e t a i l  (Cuthbertson and Wood, 1979; Imray,  1979a) .
A cen t ra l  k e r a t i t i s ,  w i th  or w i th o u t  u l c e r a t i o n ,  was not uncommon in 
these 15 outbreaks .  However, t h i s  was always considered to  have been 
IBK since  the v i ru s  of  IBR has c o n s is t e n t ly  f a i l e d  to  produce t h i s  type  
o f  l e s io n  under c o n t r o l l e d  cond i t ions  (McKercher and o th e rs ,  1955;
Webster and Markte low, 1959; A b inant i  and Plumer, 1961; Markson and 
Derbyshire ,  1966) .  On the o ther  hand, Pugh and others  (1964) 
e s ta b l is h e d  t h a t  IBR v i ru s  i n f e c t i o n  increases the s e v e r i t y  o f  M orexe l1 a 
bovis i n f e c t i o n .
A p a r t i c u l a r l y  i n t e r e s t i n g  fe a t u r e  o f  these recent outbreaks  
has been the  la r g e  number o f  animals which have drooled s a l i v a .  Whi le  
congest ion o f  the ora l  mucosae was commonly observed, u lc e r a t i o n  was 
never seen. M i l l e r  (1955) and McKercher (1959) a ls o  reported t h a t  
the d roo l ing  of  s a l i v a  (excessive s a l i v a t io n )  in the absence o f  ora l  
les io n s  was a p a r t i c u l a r  f e a t u r e  of  some In c id e n ts ,  I t  is probable  
th a t  t h i s  had re s u l te d  from an unwi l l ingness  to  swallow because o f  the
pain associated  w i th  severe p h a ry n g i t is  and l a r y n g i t i s .  I t  is a ls o
l i k e l y  to  have been the reason f o r  c a t t l e  on a few farms tending to  
r e j e c t  roughage w h i le  cont inu ing  to  ea t  concentra te s ,  a l b e i t  more s lo w ly .
A marked c l i n i c a l  improvement occurred u s u a l ly  w i t h i n  a week
In m i l d ly  a f f e c t e d  i n d i v i d u a l s ,  but i t  took cons iderab ly  longer f o r  more
se ve re ly  a f f e c t e d  cases which had not been t r e a t e d .  The c o n d i t io n  of  
a small but v a r i a b l e  p ro por t ion  o f  severe ly  a f f e c t e d  animals d e t e r io r a t e d  
markedly;  they became very,  d u l l ,  anorex ic  and dyspnoeic even a t  r e s t .
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The type o f  dyspnoea was unusual in th a t  i n i t i a l l y  these cases inhaled  
through t h e i r  mouths and exhaled through t h e i r  noses. I t  was 
subsequently confirmed a t  necropsy th a t  the nasal passages and la ry n x  
of  these animals were almost complete ly  obstructed w i th  n e c r o t ic  d e b r is .  
This unusual form of dyspnoea has not been commented upon p re v io u s ly .
The vast  m a jo r i ty  o f  s evere ly  a f f e c t e d  in d iv id u a ls  died desp i te  almost  
continual  a n t i b i o t i c  th e ra p y .  Several  animals were found dead 
f o l lo w in g  a r e l a t i v e l y  short  i l l n e s s  ( less  than 48 hours) in the 2 
inc iden ts  in which the m o r t a l i t y  r a te  was h ig h es t .  In both outbreaks ,  
the c a t t l e  were being fa t te n e d  under very in ten s ive  cond i t ions  in 
s l a t t e d  f l o o r  b u i ld in g s .  Under f e e d lo t  condi t ions  In North America 
apparent sudden deaths have a lso  been reported ( M i l l e r ,  1955 ) .
The recent syndrome described by Wiseman and others  (1 978 ) ,  
Cuthbertson and Wood (1979) and imray (1979a) was considerab ly  more 
severe than the disease o r i g i n a l l y  described in B r i t a i n  by Dawson and 
others  (1962) and by Derbyshire  and Shanks (1963 ) .  The major c l i n i c a l  
and ep idemio log ica l  fe a tu re s  o f  t h i s  epidemic were s i m i l a r  to  those in 
the o r i g i n a l  d e s c r ip t io n s  o f  IBR in the United S ta tes  of  America 
(Shroeder and Moys, 1954; M i l l e r ,  1955; McKercher and o th e rs ,  1957) 
and the recent  outbreaks in co n t in en ta l  Europe (Zygraich and o th e rs ,  
1974; Dannacher and Fedida,  1977; Straub, 1978b).  T h e re fo re ,  i t  can 
be in f e r r e d  th a t  the "new" form o f  IBR in t h i s  country has re s u l te d  
from in f e c t i o n  w i th  a p a r t i c u l a r l y  v i r u l e n t  s t r a i n  o f  v i r u s .
I n f e c t i o n  w i th  IBR v i r u s  (bovine herpesvirus  1) can produce 
c l i n i c a l  syndromes o ther  than r e s p i r a t o r y  d isease,  e .g .  e n c e p h a l i t i s ,  
an increased neonatal  c a l f  m o r t a l i t y  and g e n i ta l  i n f e c t i o n s .  None of  
these was confirmed in any o f  the present outbreaks.  However, in one 
in c id e n t  not descr ibed in d e t a i l  in t h i s  t h e s is ,  several  weaned suckled  
calves  died having developed c l i n i c a l  signs suggestive  o f  e n c e p h a l i t i s .  
I t  was speculated t h a t  IBR v i ru s  was involved because many o f  the  other  
St i rk s  In the same shed had developed c h a r a c t e r i s t i c  r e s p i r a t o r y  and 
oc u la r  s igns.  However, Haemophilus somnus was i s o la te d  on the only  
occasion th a t  the b ra in  o f  an a f f e c t e d  animal was examined and, on 
h is to p a th o lo g ic a l  examinat ion ,  les ions  ty p ic a l  o f  in fe c t io u s  
thromboembolic m eningoencephal i t is  (TEM) were found. Although i t  was 
the  f i r s t  occasion t h a t  t h i s  m a n i f e s ta t io n  of  Haemophilus somnus 
in f e c t i o n  had been confirmed in Scot land,  IBR and TEM have been reported  
as occurr ing  in the same group o f  c a t t l e  (G r in e r ,  Jensen and Brown,
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1956) .  Indeed, i t  has even been suggested In North America th a t  ! BR 
and other  r e s p i r a t o r y  in fe c t io n s  predispose fe e d lo t  c a t t l e  to TEM 
(Kennedy, B ib e r s t e in ,  Howarth, F r a z ie r  and Dungworth, I 9 6 0 ) .
Abor t ion  has occurred s p o r a d ic a l l y  in pregnant females  
fo l lo w in g  the development o f  c la s s ic a l  IBR and a ls o ,  on a few occasions,  
in cows which had not developed r e s p i r a t o r y  s igns.  On the other  hand,  
a b o r t io n  storms s im i l a r  to  those which appear to  be common in North  
America (Kahrs, 1977) have not as yet  been re por te d .
The g re a t e s t  number of  new cases u su a l ly  developed during the  
second or t h i r d  week o f  the inc iden t  b u t ,  even in a s t a b le  p opu la t ion ,  
new cases continued to a r i s e  f o r  up to 5 weeks a f t e r  the  f i r s t  one had 
been n o t ic e d .  Although the m o rb id i ty  ra te  v a r ie d  c o n s id e ra b ly ,  i t  was 
in excess of  90 per cent in most outbreaks.  The m o r t a l i t y  r a te  a lso  
v a r ie d  markedly;  in several  outbreaks ,  no f a t a l i t i e s  occurred w h i l s t  
in o thers  up to  8 per cent o f  the animals a t  r i s k  died or were c u l le d .  
These m o rb id i ty  and m o r t a l i t y  ra tes  were s im i l a r  to  those reported by 
McKercher (1959).  U n t i l  1977,  deaths from IBR v i r u s  in f e c t i o n  had not 
been confirmed in B r i t a i n ,  a l though Col l in g s  and others  (1972) reported  
t h a t  3 cows had died fo l lo w in g  an outbreak o f  IBR. However, they  
f a i l e d  to  c a r ry  out a d e t a i l e d  postmortem examinat ion in any o f  these  
cases .
in the most severe in c id e n t  discussed here ,  the  f in a n c ia l  
loss from IBR was est imated by the farmer  to have been around £20 ,000  
(Wiseman and o th e rs ,  1 979 ) .  However, the value o f  the animals which 
had died or had been c u l le d  in a l l  15 in c id e n ts ,  represented only  23 
per cent of  the t o t a l  losses .  In the 10 beef f a t t e n i n g  herds,  the most 
important cost was loss of  production  during the recovery p e r io d .
C a t t l e  which appeared to  have made a complete c l i n i c a l  recovery  did 
not gain weight fo r  up to  8 weeks; t h is  represented almost two t h i r d s  
o f  the  f i n a n c ia l  loss on these u n i t s .  When i t  is considered th a t  the  
average loss susta ined on the 10 beef farms was £5 ,600  compared w i th  
an average o f  only  £800 on the 4 d a i ry  farms, i t  can be apprec ia ted  
why one farmer was on the verge o f  a nervous breakdown w h i le  a few others  
considered t h a t  a second year o f  t h i s  disease would s e r io u s ly  j eo p ard is e  
t h e i r  f u t u r e  in a g r i c u l t u r e .
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Although IBR has been confirmed In young c a lv e s ,  s tore  c a t t l e ,  
beef suckler  cows and in d a i ry  cows, the incidence o f  disease has been 
g r e a t e s t  on f a t t e n i n g  beef u n i t s .  The m o r t a l i t y  ra te s  have been 
highest  and th e  economic losses g re a te s t  on in te n s iv e  u n i ts  in to  
which c a t t l e  have been bought r e g u l a r l y  through markets .  From th is  
i t  can be deduced th a t  managemental p ra c t ic e s  play a most s i g n i f i c a n t  
r o le  in the spread o f  IBR v i ru s  i n f e c t i o n  and in the expression of  i t s  
f u l l  pathogenic e f f e c t .
The crowding toge ther  of  l a rg e  numbers of  su sce p t ib le  c a t t l e  
in a s in g le  b u i ld in g  f a c i l i t a t e s  the spread of  an i n f e c t i o n  such as 
IBR which requ ires  close  c o n ta c t .  I t  has a ls o  been suggested th a t  the  
v i r u le n c e  of  t h i s  pathogen a c t u a l l y  increases when i t  Is Introduced  
in to  a l a r g e ,  s u sc ep t ib le  popu la t ion  (McKercher and T h e i le n ,  1963 ) .
Dusty food appeared to  have been important too since a hammer m i l l e d ,  
bar ley-based r a t io n  had been fed on both farms where the m o r t a l i t y  r a te  
was g r e a t e s t .  Food p a r t i c l e s  were seen adhering to  the nasal mucous 
membranes several  cent im etres  from the nares o f  animals on these farms.  
The f a c t  th a t  dust exacerbated the c l i n i c a l  s e v e r i t y  of  IBR was r e f e r r e d  
t o  by M i l l e r  (1955) and McKercher (1959) .
The g re a t e s t  s in g le  environmental  f a c t o r  was undoubtedly the  
bu y in g - in  o f  stock from l i v e s t o c k  markets;  the close  a ss o c ia t io n  
between the purchase o f  c a t t l e  and t h e i r  developing ty p ic a l  signs of  
IBR a few weeks l a t e r  have been commented upon in every  p u b l ic a t io n  
r e l a t i n g  t o  the recent  epidemic (Wiseman and o th e rs ,  1978; Cuthbertson  
and Wood, 1979) .  This a s s o c ia t io n  a ls o  exp la ins  the ep idemio log ica l  
fe a tu re s  of  severe IBR during the l a s t  2 years;  the incidence has been
g re a t e s t  in areas in to  which the l a r g e s t  number of  c a t t l e  are  brought
in to  f a t t e n ,  i . e .  the nor thern  and eas te rn  parts  o f  Scotland and
England, A lso ,  the re  is a sudden l a rg e  increase in the number o f
c a t t l e  sold fo r  f a t t e n i n g  during the months o f  September to December 
when weaned suckled ca lves  are  s o ld .  These animals presumably become 
i n fe c t e d  during t h e i r  sojourn through market so in t roduc ing  the  
i n f e c t i o n  onto the purchaser 's  premises.  Such animals are subjected  
to a number o f  s t ress  fa c t o r s  inc lud ing  weaning,  c a s t r a t i o n ,  f a t i g u e ,  
f e a r  and t r a n s p o r t a t i o n  and the  a d d i t i v e  e f f e c t  o f  these must be to  
reduce the weaned suckled c a l f ' s  re s is ta n c e  to  i n f e c t i o n ;  t h i s  r e s u l t s  
in an e s p e c i a l l y  severe form o f  the  d isease.  As has a l re a d y  been
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r e f e r r e d  t o ,  the crowding to g e th e r  o f  animals under one roof enables  
the IBR v irus  to  spread e a s i l y .  This exp la ins  the seasonal  
d i s t r i b u t i o n  o f  these severe in c id e n ts ,  f o r ,  al though the disease occurs 
in graz ing  c a t t l e ,  i t  is  g e n e r a l ly  acknowledged as being r e l a t i v e l y  m i ld .  
In one of  the inc idents  in d a i r y  c a t t l e  described in t h i s  t h e s is ,  the  
herd was owned by a c a t t l e  dea le r  who was known to  have moved several  
cows to more than one market.  Indeed, one o f  the animals which died  
had been sold tw ice  and re tu rned tw ice  before succumbing on the dea le rs  
premises to  IBR.
The reason fo r  the importance o f  buying and s e l l i n g  c a t t l e  in 
the  spread of  IBR v i ru s  is not the i n e f f i c i e n c y  of  the marketing  
o rg an isa t ions  but the p e c u l i a r  c h a r a c t e r i s t i c s  of  the causal agent 
i t s e l f .  Bovine herpesvirus  1, in common w i th  many o ther  members of  the  
herpesvirus  group, has the a b i l i t y  to  become " l a t e n t "  in a host animal  
recover ing from a primary i n f e c t i o n .
The exact s i t e s  of  v i r a l  p e rs is ta nce  have not been i d e n t i f i e d  
nor has the s ta te  in which i t  p e r s is t s  i . e .  as complete or incomplete  
p a r t i c l e s .  The a v a i l a b l e  evidence in d ica te s  th a t  i t  is l i k e l y  to  be 
the sensory gangl ia  o f  the nerves which innervate  the upper r e s p i r a t o r y  
t r a c t  and pharynx.  Fol lowing i n f e c t i o n  v ia  the in t r a -n a s a l  ro u te ,  IBR 
v i r u s  was f r e q u e n t ly  detected in the mandibular and m a x i l l a r y  branches 
of  the t r ig e m in a l  nerve (Bagust and C la r k ,  1972 ) .  N a r i t a ,  I n u i ,  Namba
and Shimizu (1978) have e s ta b l is h e d  t h a t  a possib le  s i t e  is the
tr ig e m in a l  gangl ion since g a n g l i o n i t i s  developed and the v i ru s  was 
i s o la te d  from the gangl ion f o l lo w in g  the t rea tment  o f  recovered IBR cases 
w i th  drugs having g lu c o c o r t ic o id  a c t i v i t y .  The v i r u s  subsequently  
appeared in the Schwann c e l l s ,  the neu ro g l ia l  c e l l s  and f i n a l l y  in the
nasal s e c re t io n s .  The pyrex ia  which developed fo l lo w in g  v i r a l  
r e a c t i v a t i o n  was found to  be assoc ia ted  wi th  the appearance o f  v i r u s  on 
the  nasal mucosa and before  i t  was detected in the nasal secre t ions  
(P a s t o r e t ,  Burtonboy, A qui1a r - S e t i e n  and Schoenaers,  1978; P a s t o r e t ,
A qu i1a r - S e t i e n ,  Burtonboy and Schoenaers,  1978).
The trea tm ent  of  recovered cases o f  IBR w i th  g lu c o c o r t ic o id  
drugs under experimenta l  co n d i t io n s  induces a c t i v a t i o n  and e x c re t io n  o f  
v i r u s  (Kubin,  1969; Bot tcher  and M ah ler ,  1970; Shef fy  and Rodman, 1973;  
B is tc h ,  197 3 ) .  The v i r u s  has a ls o  been i s o la te d  from recovered cases
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fo l lo w in g  abrupt d i e t a r y  changes (Chow, P a lo ta y ,  Deem-, 1956; Crane 
and o th e rs ,  1964 ) ,  T h e r e f o r e ,  the i n e v i t a b l e  s t ress es ,  which accompany 
weaning and m arket ing ,  must c o n t r ib u te  to  a s i g n i f i c a n t  degree to the  
close a ss o c ia t io n  between the onset of  disease and the in t ro d u c t io n  o f  
newly purchased animals on to a farm. ind iv idua l  animals e x c re t in g  
the v i r u s  could introduce the  i n f e c t i o n  to  the su sc ep t ib le  animals ,  
which a re  a lso  under a considerable  degree of  s t re s s .
R e a c t iv a t io n  and e x c r e t io n  o f  IBR v i ru s  from recovered cases 
of  disease was achieved in the c u r r e n t  s tudies  using both i n je c t io n s  of  
c o r t i c o s t e r o i d s  and natura l  s t ress  f a c t o r s .  In the l a t t e r  ca tegory ,  a 
procedure such as dehorning,  even under local  a n a e s th e t i c ,  re su l te d  in 
the e x c re t io n  o f  v i r u s  by 3 o f  4 calves (Msolla and Wiseman, 1979).  
Challenge w i th  v a r i a b l e  doses o f  the c a t t l e  1ungworm a ls o  caused 
r e a c t i v a t i o n  although the vaccine did not do so. This fa c t  might 
e x p la in  the inc idents  of  IBR which have been said to  occur in graz ing  
c a t t l e  ( Imray,  1979b) ,  I t  was i n t e r e s t i n g  th a t  the animal from which 
IBR v i ru s  was recovered fo l lo w in g  inge s t ion  of  1,000 v i v i  parus la rva e  
had the lowest serum n e u t r a l i s i n g  antibody  t i t r e  ( 1 / 4 ) .  V irus e x c re t io n  
may have occurred in the others  to o ,  but the q u a n t i ty  of  v i r u s  may have 
been so small as to  have been q u ic k ly  n e u t r a l is e d  by the g r e a t e r  amount 
o f  c i r c u l a t i n g  ant ibody ,  IgG is considered to play a ro le  in recovery  
from secondary or t e r t i a r y  herpesv irus  in fe c t io n s  but not from primary  
In fe c t io n s  (Rouse and Babiuk,  1978 ) ,  Recovery from a primary i n f e c t i o n  
Is  said  to  be main ly  due to  c e l l  mediated immunity (Rouse and Babiuk,  
1978) .  The high m o r t a l i t y  r a t e  in cases given c o r t i c o s t e r o i d s  can 
t h e r e f o r e  be expla ined since  t h i s  type of  drug is known to  i n h i b i t  to  
a s i g n i f i c a n t  degree the development o f  c e l l  mediated immunity.
Since the IBR v i ru s  is a herpesvirus  and l a t e n t  c a r r i e r  
animals develop fo l lo w in g  primary i n f e c t i o n ,  e r a d ic a t io n  o f  the disease  
is  not poss ib le  even i f  the necessary huge f i n a n c ia l  resources were  
a v a i l a b l e .  Experience from North America suggests th a t  economical ly  
s i g n i f i c a n t  losses would continue to occur annua l ly  on u n i ts  on which 
l a r g e  numbers of  purchased c a t t l e  were fa t te n e d .  Consequently,  
e f f e c t i v e  contro l  measures are  re q u i re d .  A system based on d a i l y  
physical  examinat ion o f  in d iv id u a l  animals and adm in is te r in g  a n t i b i o t i c  
therapy  to  every  one found t o  be p y r e x ic ,  has been shown to minimise the  
c l i n i c a l  e f f e c t s  o f  IBR ( imray,  1979a) ,  C l e a r l y ,  t h i s  type o f  approach
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is not f e a s i b l e  on farms where there  is a la rg e  turno'ver of  animals .  
U n fo r tu n a te ly  the only vaccine a v a i l a b l e ,  u n t i l  October,  1979 
(Pneumovac Plus) d id  confer  a d e te c t a b le  degree of  p ro te c t io n  to  
s u s c e p t ib le  c a t t l e  cha l lenged w i th  the most recent I s o l a t e  o f  the IBR 
v i r u s  (S tr ichen  s t r a i n ) .
I t  has been shown in the United States th a t  in a c t i v a te d  
vaccines are o f  l i m i t e d  use in c o n t r o l l i n g  IBR in f é e d lo ts  and 
consequent ly ,  contro l  o f  t h i s  disease on t h i s  type of  beef u n i t  is based 
upon the use of  modif ied l i v e  v i r u s  vaccines (Kahrs,  1977 ) .  However, 
the a b o r t i f a c i e n t  proper ty  o f  t h i s  type of  vaccine precluded t h e i r  use 
in breeding females.  A new type of. l i v e  vaccine was developed in 
Belgium in response to  the wave o f  severe IBR which swept across north  
west Europe (Zygra ich,  Huygelen and Vascoboinic,  1 974 ) .  This vaccine  
has been tes ted  e x t e n s iv e ly  under l a b o ra to ry  and f i e l d  cond i t ions  both 
in Belgium and In the United S tates  of  America.  I t  has been proven to  
be safe  In th a t  i t  does not produce a b o r t io n  and to be e f f e c t i v e  in 
prov id ing  p ro te c t io n  from chal lenge  w i th  f i e l d  s t r a in s  o f  the IBR v i r u s .  
A f u r t h e r  advantage is t h a t  p r o te c t io n  is a f fo rded  w i t h i n  48-72 hours 
o f  v a c c in a t io n  because t h i s  vaccine is given I n t r a n a s a l l y .  In the  
l a t t e r  h a l f  o f  1979,  in response to  Increasing pressure from the  
a g r i c u l t u r a l  lobby,  the M i n i s t e r  of  A g r i c u l t u r e  agreed to  l i c e n s e  t h i s  
new vaccine (T racher ine ;  Smith K l in e  Animal Health  L t d . ,  England) fo r  
use in B r i t a i n .  I t  is the f i r s t  l i v e  bovine v i ru s  vaccine l icensed  fo r  
use in t h i s  country .
The vaccine s t r a i n  o f  IBR v i r u s  can be d i f f e r e n t i a t e d  from 
o the r  s t r a in s  because o f  i t s  temperature  s p e c i f i c  marker .  However, 
f i e l d  i s o la te s  cannot be d i f f e r e n t i a t e d  one from another using ro u t in e  
l a b o r a to ry  techniques.  When su sc e p t ib le  c a t t l e  were exposed 
in t ran asa l  1 y to the S t r ich e n  s t r a i n ,  they developed t y p ic a l  c l i n i c a l  
signs 2-3  days l a t e r .  The experimenta l  c l i n i c a l  syndrome was most 
severe 4 -5  days post i n f e c t i o n  but by 14 days a f t e r  exposure the animals  
appeared to have recovered c om ple te ly .  The S t r iche n  s t r a i n  produced a 
s l i g h t l y  more severe c l i n i c a l  and patho log ica l  syndrome than did the  
Colorado s t r a i n .  However, both these s t r a in s  produced a cons iderab ly  
more severe disease than did the Oxford s t r a i n .  Although the  
experimenta l  disease produced by a l l  3 s t r a in s  was less  severe than the  
e q u iv a le n t  n a t u r a l l y  occurr ing  d isease ,  the re s u l ts  r e f l e c t e d  the
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re s p e c t iv e  p a th o g e n ic i ty  o f  these s t r a in s  in the f i e l d .  The f a c t  th a t  
the  c l i n i c a l  s e v e r i t y  was n e g a t iv e ly  c o r r e la t e d  w i th  age agrees w i th  
the f i e l d  evidence,  al though the  e f f e c t  o f  s t ress  fa c t o r s  on the  
p a th o g e n ic i ty  must be borne in mind because they may very wel l  be the  
dominant f a c t o r s .  In a d d i t i o n ,  the Str ichen s t r a i n  a ls o  produced IPV 
so agree ing w i th  S t raub 's  observa t ion  th a t  the "newer" r e s p i r a t o r y  
s t r a in s  of  BHV 1 w i l l  produce both r e s p i r a t o r y  and g e n i ta l  disease  
(S traub,  1978b).
When the physical  c h a r a c t e r i s t i c s  of  the S tr ichen  s t r a i n  
were compared w i th  those o f  the wel l  es tab l is h ed  Colorado and Oxford  
s t r a i n s ,  i t  was found t h a t  t h e i r  one-s tep  growth curves and plaque  
morphology were i d e n t i c a l .  However, the mean plaque diameter  of  the  
Str ichen  and Colorado s t r a in s  was s i g n i f i c a n t l y  g r e a t e r  than th a t  of  
the Oxford s t r a i n .  This would suggest a possible  r e la t i o n s h i p  between 
plaque s iz e  and v i r u le n c e  f o r  IBR v i ru s  since t h i s  a s s o c ia t io n  has been 
confirmed w i th  o ther  animal v i r u s e s .  Furthermore i t  has been found 
t h a t  the S tr ichen  s t r a i n  is less  su sc ep t ib le  to  n e u t r a l i s a t i o n  w i th  
both homologous and hetero logous a n t i  sera than e i t h e r  o f  the o ther  2 
s t r a in s  examined. T h e r e f o r e , t h e  a b i l i t y  o f  t h is  l a t e s t  i s o la t e  to  
p e r s is t  f o r  a r e l a t i v e l y  longer  p e r io d ,  even in the presence of s p e c i f i c  
n e u t r a l i s i n g  a n t ib o d ie s ,  is l i k e l y  to be a s i g n i f i c a n t  c o n t r ib u t in g  
f a c t o r  to  i t s  a b i l i t y  to  produce severe d isease.
The S t r ichen  s t r a i n  of  IBR v i ru s  would appear to  have been
in B r i t a i n  f o r  only  a very  short  t im e .  I t  is  h ig h ly  u n l i k e l y  t h a t  i t  
was c a r r i e d  over here from the c o n t in e n t  by m igra t in g  b irds  as has been 
suggested fo r  o ther  d iseases ,  e .g .  fo o t  and mouth d isease .  I t  is
possib le  th a t  i t  developed f o l lo w in g  the mutation of  a domestic s t r a i n
although t h i s  does not appear to  be a common c h a r a c t e r i s t i c  o f  the  
h e rp e s v i r id a e  (Gibbs and Rweyemamu, 197 7 ) .  The recent severe 
outbreaks o f  IBR in Europe appeared in c e r t a i n  areas only  and in herds 
c lu s te re d  round those in to  which H o ls te in  cows from North America had 
been introduced.  Hence, the name fo r  t h i s  disease in Belgium " la  
gr ippe Canadienne" (Canadian ' f l u ) .  Sero logica l  s tu d ies  undertaken  
by French workers have confirmed t h a t  the preva lence of  a n t ib o d ie s  to  
IBR v i r u s  is much higher  in H o ls te in  c a t t l e  imported from North America 
than in c a t t l e  imported from elsewhere or in domestic French c a t t l e  
(Dannacher and Fedida,  1978 ) .  They c la im  th a t  the v i r u s  responsib le
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f o r  the recent wave o f  severe IBR in Europe was imported w i th  H o ls te in  
c a t t l e  from North America.
H o ls te in  c a t t l e  imported in B r i t a i n  during the l a s t  decade 
have been blamed fo r  in troduc ing enzoot ic  bovine leukos is  (Watson, 1979) 
and Mycoplasma bovis i n f e c t i o n  (Wilson, 1979).  Several  d a i ry  herds in 
the Grampian region contained H o ls te in  c a t t l e  and the percentage of  
s e r o p o s i t iv e  animals In these herds was considerably  g r e a t e r  than th a t  
in the other  d a i ry  herds In t h a t  reg ion .  Since the proport ions  of  
p o s i t i v e  animals was almost id e n t ic a l  to  those found by the French 
workers (Dannacher and Fedida,  1977 ) ,  i t  is l i k e l y  t h a t  the  S tr ichen  
s t r a i n  o f  IBR v i ru s  had a ls o  been imported in to  B r i t a i n  w i th  female  
Hoi s te in  c a t t l e .
These s e ro lo g ic a l  i n v e s t ig a t io n s  a lso  revealed th a t  th e re  had 
been a marked increase in recent  IBR v i ru s  in fe c t io n s  in the Grampian 
region since the incidence of  a n t ib o d ie s  in da i ry  h e i f e r s  was s i g n i f i c a n t l y  
g r e a t e r  than t h a t  in the d a i ry  cows. Furthermore,  i t  was a ls o  
s i g n i f i c a n t l y  g re a t e r  than the incidence in d a i ry  cows and h e i f e r s  in 
the S t ra th c ly d e  reg io n .  This could r e f l e c t  the h igher  incidence of  
f i e l d  disease which had occurred in the Grampian region even though t h is  
was mainly  a fe a t u r e  o f  f a t t e n i n g  c a t t l e  o p e ra t io ns .  Fur thermore,  the  
o v e r a l l  f i g u r e  o f  12 per cent of  animals w i th  an t ib o d ie s  is cons iderab ly  
in excess o f  the i n i t i a l  f in d in g s  o f  Dawson and others  (1962) and a lso  
those of  K irby  and others  (1977) bear ing in mind t h a t  the l a t t e r  workers 
claimed th a t  t h e i r  t e s t  system ( IHT t e s t )  was 10 times as s e n s i t i v e  as the  
serum n e u t r a l i s a t i o n  t e s t  which was used here.
I t  has been confi rmed,  as a r e s u l t  o f  t h i s  m u l t i d i s c i p l i n a r y  
i n v e s t i g a t i o n s ,  th a t  a severe form o f  IBR is present in B r i t a i n .  The 
disease has been most severe on in te n s iv e  beef un i ts  In which la rg e  
numbers of  purchased c a t t l e  a re  r e g u l a r l y  f a t t e n e d .  The s t r a i n  of  v i r u s  
re spons ib le ,  the S t r ich en  s t r a i n ,  has p ro p e r t ies  which are  s i g n i f i c a n t l y  
d i f f e r e n t  from those o f  the  proto type  B r i t i s h  s t r a i n  (the Oxford s t r a in )  
and these s p e c i f i c  c h a r a c t e r i s t i c s  could be responsib le  f o r  i t s  
tremendous v i r u l e n c e .  The source of  the S t r ich e n  s t r a i n  o f  IBR v i r u s  
would appear to  have been imported H o ls te in  c a t t l e  al though the evidence  
f o r  t h i s  deduction is  w ho l ly  c i r c u m s t a n t i a l .  The appearance of  a 
severe form o f  IBR in the B r i t i s h  I s l e s  soon a f t e r  o th e r  diseases had
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been confirmed In animals imported in to  t h is  country ,  h ig h l i g h t s  the  
need fo r  constant v i g i l a n c e  and awareness of  the dangers to  the B r i t i s h  
l i v e s t o c k  industry  as a whole,  of  import ing l i v e  animals which have not 
been shown to be f r e e  from s p e c i f i c ,  e x o t ic  in f e c t i o n s .
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APPENDIX
OUTBREAK
This outbreak has been described in d e t a i l  in Chapter 11
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OUTBREAK 2
DATE November  1978.
FARMER'S COMPLAINT
A gradual drop in food consumption and "pneumonia" in most of  
the r e c e n t ly  housed f a t t e n i n g  s t i r k s .  They had runny eyes 
and runny noses,
ANIMALS AT RISK
280 , 12-18 months old f a t t e n i n g  s t i r k s .
109 homebred s t i r k s .
37 bought - in  from a neighbour.
134 bought - in  s t i r k s ,
HUSBANDRY SYSTEM
The animals were housed in a large  s l a t t e d  f l o o r  shed which 
was subdivided into  e ig h t  pens, four on e i t h e r  side w i th  a 
c en t ra l  feeding passage. The ra t io n  consisted  o f  a mixture  
o f  home m i l le d  maize,  b i s c u i t  meal , bar ley  as wel l  as 
molasses, oat seconds, p ro te in  balance and romensin (Elanco  
L td .  -  Hants, England).  This mixture  was g e n e ra l ly  dusty.  
There was communal w ater in g  f a c i l i t y  between pens.
HISTORY OF INCIDENT
4 - 8  weeks a f t e r  the farmer had purchased several  groups o f  
animals from var ious markets ,  he noticed t h a t  they were du l l  
and food consumption was dropping g r a d u a l l y .  There was 
sporadic  coughing and a f f e c t e d  in d iv id u a ls  developed b i l a t e r a l  
serous o cu lar  and nasal d ischarges.  There was increased  
r e s p i r a t o r y  r a t e s ,
CLINICAL FEATURES
Dul lness .  Reduced a p p e t i t e .  Temperature ( 1 0 4 .5 - 1 0 6 ° F ) .  
Puru lent o cu lar  d ischarge .  C o n j u n c t i v i t i s .  IBK present  
in several  animals but no change o f  incidence from previous  
years .  Seromucoid to  mucopurulent nasal d ischarge .
Congested nasal mucosa w i thout  obvious l e s io n s .  Coughing,  
Tachypnoea. Dyspnoea and pneumonia in severe ly  a f f e c t e d  
animals .  Drool ing s a l i v a .  N e i th e r  d iarrhoea  nor nervous 
s igns were seen.
Marked weight loss in p ro t ra c te d  cases (4 -5  weeks).
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M o rb id i ty  -  80%. M o r t a l i t y  -  7%. Several  animals found 
dead a f t e r  being i l l  fo r  a short  t ime.  Several  salvaged.
Duration o f  c l i n i c a l  signs -  4 weeks.
Treatment wi th  var ious a n t i b i o t i c s  gave a poor response.
CLINICAL DIAGNOSIS
In fe c t io u s  bovine r h i n o t r a c h e i t i s .
FURTHER INVESTIGATIONS -  HERD
VIRUS ISOLATIONS
Nasal swabs -  7 /8  IBR +ve
Ocular swabs -  2 /2  IBR +ve
SEROLOGY
Acute samples -  Not a v a i l a b l e .
Convalescent samples -  21/42 s e r o p o s i t i v e .
Reciprocal  t i t r e s  -  4 , 4 , 6 , 6 , 6 , 6 , 6 , 6 , 8 , 8 , 8 , 8 ,
8 , 1 2 , 1 2 , 1 2 , 1 2 , 1 6 , 2 4 , 4 8 ,
96.
Mean t i t r e  -  14 .8
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FURTHER INVESTIGATIONS -  INDIVIDUAL ANIMAL
CLINICAL FINDINGS ON ADMISSION (Summary o f  s ix  cases)
Dul lness.  Reduced a p p e t i t e .  Temperature (105^F) .
Purulent o cu lar  d ischarge .  Severe c o n j u n c t i v i t i s .
No IBK. B i l a t e r a l  seromucoid nasal d ischarge .  D i p h t h e r i t i c  
les ions in nasal mucosa. Coughing. Tachypnoea. Dyspnoea. 
Drooling s a l i v a .  No d ia r rh o e a .  No nervous s igns.  Marked 
weight loss.
Duration o f  i l l n e s s -  2 weeks.
Treated  w i th  a n t i b i o t i c s  -  poor response.
POSTMORTEM FINDINGS 
Turbinates  
Nasopharynx 
Larynx  
Trachea
Lungs
Abomasum
Kidneys
CNS
congest ion,  r h i n i t i s  
severe p h a ryn g i t is  
severe l a r y n g i t i s
congestion and haemorrhages. T r a c h e i t i s  and 
covered w i th  a ye l low ish  d i p h t h e r i t i c  membrane, 
c o n s o l id a t io n  o f  the c ra n ia l  lobes.  Severe 
exuda t iv e  pneumonia. I n t e r s t i t i a l  emphysema, 
a few haemorrhagic spots in the py lon ic  region,  
i n f a r c t s  present  
normal
MICROBIOLOGY
SAMPLE
Nasal swabs
Ocular swabs 
Turbinates  
Nasopharynx 
T rachea
Lung
VIROLOGY BACTERIOLOGY MYCOPLASMOLOGY
-ve P a s te u re l la
haemoly t i ca 
Proteus sp.
ND ND
BR +ve ND
BR +ve ND
BR +ve P a s te u re l la
haemoly t Î ca
-ve  N e isser ia  spp,
ND
ND
ND
ND
M.dispar  
M .b o v i r h in is
M.dispa r 
M.bovi s
2 4 i
OUTBREAK 3
DATE November  1978.
FARMER'S COMPLAINT
Coughing, profuse s a l i v a t i o n ,  tachypnoea and b i l a t e r a l  
serous nasal discharge in a group of re c e n t ly  purchased 
St i r k s .
ANIMALS AT RISK
150 weaned suckled calves  and bul locks ,
HUSBANDRY SYSTEM
The animals were housed in three  separate  courts  in one 
b u i ld in g .  They were fed bruised b a r le y ,  s i l a g e  and hay.  
Store  animals are  purchased and fa t te ne d  during w i n t e r .
Each court  had i t s  own water  trough.
HISTORY OF INCIDENT
C l i n i c a l  signs developed about four weeks a f t e r  the f i r s t  
group of  purchased animals had been introduced.
CLINICAL FEATURES
Dul lness.  Anorex ia .  Temperature ( 1 0 3 .5 - 1 0 7 ^ F ) . No 
o cu lar  d ischarge ,  IBK present in several  an imals ,  but 
more cases t h i s  year than previous years .  Serous to  
mucopurulent nasal discharge wi th  d i p h t h e r i t i c  les ions in 
the nasal mucosa. Coughing. Tachypnoea. Dyspnoea. 
Ster torous  r e s p i r a t i o n s .  Drooling s a l i v a .  A few severe
cases.  No nervous s igns.  Marked loss of  body w eigh t .
M o rb id i ty  -  90%. M o r t a l i t y  -  6.7%.
Duration o f  c l i n i c a l  signs -  4 weeks.
Treatment w i th  a n t i b i o t i c s  and c o r t i c o s t e r o id s  gave v a r i a b l e  
response.  Animals were t r e a t e d  fo r  a few days and then 
put outs ide  to  recover .
CLINICAL DIAGNOSIS
In fe c t io u s  bovine r h i n o t r a c h e i t i s .
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FURTHER INVESTIGATIONS -  HERD
VIRUS ISOLATIONS
Nasal swabs -  5 /5  IBR +ve
Ocular swabs -  ND
SEROLOGY
Acute samples - Not a v a i l a b l e .
Convalescent samples -  17/17 s e ro p o s i t iv e
Reciprocal  t i t r e s  -  8 , 8 , 1 2 , 1 2 , 1 2 , 1 2 , 1 2 , 1 2 , 1 2 ,
1 6 , 1 6 , 2 4 , 2 4 , 2 4 , 2 4 , 2 4 , 9 6 .  
Mean t i t r e  -  20 .5
243
OUTBREAK 3 ( C o n t ' d )
FURTHER INVESTIGATIONS -  INDIVIDUAL ANIMAL
CLINICAL FINDINGS ON ADMISSION
Dul lness.  Reduced a p p e t i t e .  Temperature (1 0 6 °F ) .  S l ig h t  
serous o c u la r  d ischarge .  Mucopurulent nasal discharge.  
D i p h t h e r i t i c  les ions  on nasal mucosa. Coughing. Tachypnoea.  
Dyspnoea. Drool ing s a l i v a .
Duration o f  i l l n e s s  -  3 weeks.
Treated w i th  a n t i b i o t i c s  -  poor response.
POSTMORTEM FINDINGS
Turbi  nates
Nasopharynx
Larynx
T rachea
Lungs
Abomasum
Kidneys
CNS
MICROBIOLOGY
SAMPLE
severe congestion and r h i n i t i s  
p h a ry n g i t is  w i th  widespread haemorrhages 
l a r y n g i t i s .  Yel lowish d i p h t h e r i t i c  
m a te r ia l  on the la ry n x ,  causing o b s t ru c t io n  
t r a c h e i t i s ,  widespread haemorrhages and 
y e l lo w is h  n e c ro t ic  debri  cover ing the whole 
length  o f  the trachea
c o n s o l id a t io n  of  the middle and c r a n io v e n t r a 1
aspect o f  the d iaphragmatic  lobe,  and covered
by f i b r i n o u s  p l e u r is y .  There were thrombi
in the la rg e  vesse ls .
congested and oedematous
several  i n f a r c t s
normal
VIROLOGY BACTERIOLOGY MYCOPLASMOLOGY
Nasal swabs 
Ocular swabs 
Tu rb inates  
Nasopharynx 
T rachea
IBR + ve 
ND 
-ve  
IBR +ve  
I BR +ve
Lung -ve
ND
ND
B .a lv e i  
ND
Aci netobacter  
I w o f f i  
Nei s e r r i a  
f lavescens
P a s te u r e l1 a 
multoci  da
ND
ND
ND
ND
ND
M.d i spar
OUTBREAK 4
DATE J a n u a r y  1978.
FARMER'S COMPLAINT
In e a r l y  January re c e n t ly  purchased bul locks developed  
f requent  coughing and "bad eyes".
ANIMALS AT RISK
400 feeding c a t t l e  -  100 home-bred, 300 b ro u g h t - in .  Also  
70 w in te r  c a lv in g  beef suck le r  cows and calves  and another  
group o f  40 spring c a lv in g  beef suckler  cows.
HUSBANDRY SYSTEM
The 400 feeding c a t t l e  were housed in a la rg e  s l a t t e d  f l o o r  
shed w i th  a c e n t ra l  feeding passage. Weaned suckled calves  
and St i rks  a re  bought in the autumn and sold f a t  dur ing the  
w in t e r  or as forward s to res  in the spr in g .
The group o f  40 cows were under the same r o o f ,  but separated  
from the 400 feed ing  c a t t l e  by a wal l  and a gap o f  5 metres.  
The w in te r  c a lv in g  cows and calves were in a cu b ic le  house on 
the o ther  s ide  o f  the farm. The animals were fed a mixture  
of  ba r le y  and s i l a g e  and a ls o  hay. There were communal 
water  troughs between pens.
HISTORY OF INCIDENT
About 6 weeks a f t e r  a group o f  F r ie s ia n  bu l locks  had been 
purchased, they developed o c u la r /n a s a l  discharges and were 
heard to cough f r e q u e n t l y .  Animals in ad jacent  pens then 
became a f f e c t e d  as did the animals on the o ther  side of  the  
feed ing  passage. One group o f  55 s t i r k s  were moved in to  a 
vacant pen in the s l a t t e d  f l o o r  house, 10-14 days before the  
f i r s t  farm v i s i t  and they too became in fe c t e d .  C l i n i c a l  
signs o f  IBR were not seen in e i t h e r  o f  the two groups of  
cows.
CLINICAL FEATURES
Dul lness .  Drop in food consumption by about 50% fo r  3 -4  days 
Temperature (104-106^F) ,  Seromucoid ocu lar  d ischarge .  
C o n j u n c t i v i t i s .  IBK -  present but no obvious increase  in 
new cases.  B i l a t e r a l  serous to mucoid nasal d ischarge .  
Frequent coughing.  Tachypnoea. Pneumonia in severe ly
a f f e c t e d  an ima ls .  Only a few were d roo l ing  s a l i v a .
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Diarrhoea present in one animal which died from mucosal 
d isease.
There was no obvious weight gain for  4 - 6  weeks. No nervous 
s i gns.
M o rb id i ty  -  50%. M o r t a l i t y  -  1%.
Duration o f  c l i n i c a l  signs -  6 weeks.
Treatment w i th  var ious  a n t i b i o t i c s  gave a poor response.
CLINICAL DIAGNOSIS
In fe c t io u s  bovine r h i n o t r a c h e i t i s .
S ix  cows 8 months i n - c a l f  aborted w i t h i n  one week, 6 weeks 
a f t e r  the IBR outbreak began.
FURTHER INVESTIGATIONS - HERD
VIRUS ISOLATIONS
Nasal swabs - 5 /5  IBR +ve
Ocular swabs -  2 /2  IBR +ve
SEROLOGY
Acute samples -  not a v a i l a b l e
Convalescent samples -  20/25 s e r o p o s i t i v e
Reciprocal  t i t r e s  - 6 , 6 , 6 , 8 , 8 , 8 , 8 , 8 , 8 ,
1 2 , 1 2 , 1 2 , 1 2 , 1 2 , 1 2 ,  
1 6 , 1 6 , 2 4 ,2 4 , 2 4 .  
Mean t i t r e  -  12.1
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FURTHER INVESTIGATIONS -  INDIVIDUAL ANIMAL
CLINICAL FINDINGS ON ADMISSION
B r ig h t .  Reduced a p p e t i t e .  Temperature ( 1 0 3 .5 ° F ) .
Ocular d ischarge.  Severe c o n j u n c t i v i t i s .
B i l a t e r a l  serous nasal d ischarge .  D i p h t h e r i t i c  les ions In 
nasal  mucosae. Dyspnoea, R esp ira to ry  s t e r t o r .  Drooling  
s a l i v a .
Duration o f  i l l n e s s  -  4 weeks.
Treated  w i th  a n t i b i o t i c s  - poor response.
POSTMORTEM FINDINGS
Turb inates
Nasopharynx
Larynx
Trachea
Lungs
Abomasum
Kidneys
CNS
norma 1 
normal
n e c r o t is in g  l a r y n g i t i s  
congestion and t r a c h e i t i s
oedematous and c o n s o l id a t io n  o f  the a n t e r i o r
lobes.  Many small haemorrhages in non-
pneumonic a rea s .  Extensive  i n t e r s t i t i a l
emphysema.
normal
normal
normal.
MICROBIOLOGY
SAMPLE
Nasal swabs 
Ocular swab 
Turbi  nates  
Nasopharynx 
Trachea  
Lung
VIROLOGY BACTERIOLOGY
-ve
-ve
-ve
-ve
-ve
-ve
ND •
ND
ND
Proteus sp, 
Proteus sp,  
Proteus sp.
MYCOPLASMOLOGY
ND
ND
ND
A . l a i d l a w i i  
A. l a i d l a w i i  
A. l a i d l a w i i
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DATE J a n u a r y  1979.
FARMER'S COMPLAINT
Anorex ia ,  tachypnoea,  o cu la r  and nasal discharges.
ANIMALS AT RISK
120 b u l l in g  and i n - c a l f  h e i f e r s .
180 m i lk in g  cows and h e i f e r s .
55 c a lves ,  4 b u l1s,
HUSBANDRY SYSTEM
The h e i f e r s  had been served outs ide  and then housed in a 
s l a t t e d  f l o o r  b u i ld in g  in October 1978.  This bu l l  was then 
sold because a number o f  h e i f e r s  in the group in which t h is  
t ro u b le  s t a r t e d  were not i n - c a l f .  The milk ing,cows were in 
2 groups in cub ic les  under one roof w i th  a c en t ra l  feeding  
passage. Both s i l a g e  and hay were a v a i l a b l e .  The h e i f e r  
and cow accommodation was separated by about 30 yards.
HISTORY OF INCIDENT
8 h e i f e r s  became seve re ly  i l l  and were t r e a t e d  over 2 days
dur ing the f i r s t  week in January.  Others subsequently were
heard to  cough and developed ocular  and nasal d ischarge .
The o ld e s t  animals were those worst a f f e c t e d .  During the  
f i r s t  week in February ,  a cow was a lso  seen to  be i l l  and 
over the next 3 weeks another 10 cows from both sides o f  the  
shed were t r e a t e d .  Only 1 cow was t r e a te d  tw ic e ,
CLINICAL FEATURES
S l ig h t  d u l ln e s s .  Reduced a p p e t i t e .  Temperature (104,5  -  
1 0 6 .0 ° F ) .  Purulent o c u la r  d ischarge .  M i ld  to  moderate 
c o n j u n c t i v i t i s .  IBK present but no increase in inc idence.  
Profuse serous nasal discharge w ithout  obvious nasal les ions .  
Coughing. Wheezing r e s p i r a t i o n s  in cows. Tachypnoea.  
Hyperpnoea. A few animals d roo l ing  s a l i v a .  Decreased 
m i lk  y i e l d  by 3 -4  ga l lons  but came back to  normal production  
a f t e r  recovery.  One h e i f e r  abor ted .  Low conception ra tes  
(50%) to  f i r s t  s e rv ic e  w i th  animals r e tu rn in g  to  the bul l  
a f t e r  6 weeks. Diarrhoea was observed in one cow.
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OUTBREAK 5 ( C o n t ' d )
No nervous s igns.  Two calves  (10 days old)  a f f e c t e d  and 
showed c o n j u n c t i v i t i s  and b i l a t e r a l  puru lent  nasal d ischarge .  
M o rb id i ty  in h e i f e r s  -  80%, cows - 50%, One c a l f  died 4 
weeks a f t e r  becoming b l in d .
Duration of  c l i n i c a l  signs -  6 weeks.
Treatment w i th  P e n i c i l l i n  and/or  Terramycin fo r  3 consecut ive
days gave good response.
4 -5  years ago, IPV was diagnosed in the herd.
CLINICAL DIAGNOSIS
In fe c t io u s  bovine r h i n o t r a c h e I t I s .
FURTHER INVESTIGATIONS -  HERD
VIRUS ISOLATIONS
Nasal swabs - 6 /9  IBR +ve
Ocular swabs -  1/1 IBR +ve
SEROLOGY
Acute samples - not a v a i l a b l e .
Convalescent samples - 19 /36  s e r o p o s i t i v e .  
Reciprocal  t i t r e s  - 4 , 6 , 6 , 6 , 6 , 6 , 8 , 8 , 1 2 , 1 2 ,
1 2 ,1 2 ,1 2 ,1 2 ,1 2 ,1 2 ,1 2 , 
16,16.
Mean t i t r e  -  10.0
FURTHER INVESTIGATIONS - INDIVIDUAL ANIMAL
No in d iv id u a l  animal was a v a i l a b l e  fo r  f u r t h e r  d e t a i l e d  
s tu d ie s .
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OUTBREAK 6 '
DATE F e b r u a r y  1979 .
FARMER'S COMPLAINT
Ocular and nasal discharge in r e c e n t ly  bought- ln  an imals ,  
which were not e a t in g  roughage.
ANIMALS AT RISK
100 s to re  c a t t l e  6 -8  months o ld ,
HUSBANDRY SYSTEM
Store  c a t t l e  are  purchased dur ing the w i n t e r ,  housed in 
c u b ic le s ,  fed hay and s i l a g e  and fa t ten ed  a t  grass the  
f o l lo w in g  summer.
HISTORY OF INCIDENT
Three days a f t e r  being purchased 3 o f  14 s t i r k s  were seen 
to  be i l l .  The disease spread slowly to  involve  the other  
fo ur  groups during  the fo l lo w in g  four weeks.
CLINICAL FEATURES
S l ig h t  d u l ln e s s .  Reduced a p p e t i t e  - p a r t i c u l a r l y  for  
roughage. Temperature (1 0 6 -1 0 7 °F ) .  Mucopurulent ocu lar  
d ischarge .  C o n j u n c t i v i t i s .  No IBK, B i l a t e r a l  
mucopurulent nasal d ischarge .  No obvious nasal les ions  in 
the nasal mucosae. Frequent coughing,  Tachypnoea,  
R e s p ira to ry  s t e r t o r .  No s a l i v a t i o n .  No d ia r rh o e a .  No 
nervous s igns.
M o rb id i ty  -  90%. M o r t a l i t y  -  0%.
Duration o f  c l i n i c a l  signs -  4 -5  weeks.
Treatment w i th  o x y t e t r a c y c l i ne gave a f a i r  c l i n i c a l  response,
CLINICAL DIAGNOSIS
In fe c t io u s  bovine r h i n o t r a c h e i t i s .
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OUTBREAK 6 ( C o n t ' d )
FURTHER INVESTIGATIONS - HERD 
VIRUS ISOLATIONS
Nasal swabs -  3 /5  IBR +ve
Ocular swabs -  Not done,
SEROLOGY
Acute samples -  4 /1 6  s é r o p o s i t iv e s .
Reciprocal  t i t r e s  -  4 , 6 , 8 , 1 6 .
Convalescent samples - 14 /16  s é r o p o s i t iv e s .  
Reciprocal  t i t r e s  - 4 , 6 , 6 , 8 , 1 2 , 1 2 , 1 2 , 1 2 ,
1 2 , 1 6 , 2 4 , 2 4 , 4 8 , 9 6 .
Mean t i t r e  -  2 0 .9
FURTHER INVESTIGATIONS -  INDIVIDUAL AN 114AL
No ind iv id u a l  s ic k  animal was purchased fo r  f u r t h e r  
d e t a i l e d  s tu d ie s .
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OUTBREAK 7
DATE J a n u a r y  1979 .
FARMER'S COMPLAINT
Dul lness ,  a n o re x ia ,  runny eyes and runny nose in 2 re c e n t ly  
purchased weaned ca lv es .
ANIMALS AT RISK
20 la rg e  bu l locks  purchased during October/November  
7 s t i r k s  purchased on 15th December 
6 weaned suckled calves  purchased 28th December.
HUSBANDRY SYSTEM
Store c a t t l e  are  bought and f a t te n e d .  The 2 groups o f  13 
and 20 animals were kept on straw in 2 courts  under the same 
roof but separated by a s i l a g e  p i t .
HISTORY OF INCIDENT
The 6 weaned calves  had come from the Western Is le s  and when 
purchased, they were being sold fo r  the second t ime.  Nine  
days a f t e r  t h e i r  a r r i v a l ,  2 o f  the 6 calves became i l l .
The o ther  11 animals a l l  subsequently developed m i ld  c l i n i c a l  
signs.
At the  same t ime the  bu l locks  in the second court  were heard 
to  be coughing f r e q u e n t l y ,  al though o ther  c l i n i c a l  signs were 
not seen.
The d e a le r  from whom the 6 weaned calves  were bought had a 
s im i l a r  syndrome a f f e c t  h is  own c a t t l e  a t  the  same t im e .
CLINICAL FEATURES
S l ig h t  d u l ln e s s .  S e le c t i v e  anorex ia ;  animals e a t in g  b ar ley  
and s i l a g e  mix,  but not hay. Temperature (103-105^^1.
Seromucoid ocu lar  d ischarge .  C o n j u n c t i v i t i s .  One or  two
animals had c o n ju n c t iv a l  oedema. White faced animals had 
obvious ' r e d - e y e s ' .  IBK -  1 to  2 cases,  incidence less than  
previous y ears .  Seromucoid nasal d ischarge .  Coughing.  
Drooling  s a l i v a .  One h e i f e r  aborted -  not B r u c e l l o s i s ,  As 
a group, th e re  was no w e ig h t -g a in  fo r  4 weeks.
M o rb id i ty  -  100%. M o r t a l i t y  -  8%.
Duration  o f  c l i n i c a l  signs 3 - 4 . weeks.
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OUTBREAK 7 ( C o n t ' d )
Treatment - w i th  o x y t e t r a c y c l I  ne and e ta m îp hy l1 i ne camsylate  
f o r  3 days: One animal -  good c l i n i c a l  response w h i le  the
other  had no d e te c t a b le  c l i n i c a l  response,
CLINICAL DIAGNOSIS
In fe c t io u s  bovine r h i n o t r a c h e i t i s .
FURTHER INVESTIGATIONS -  HERD 
VIRUS ISOLATION
Not done.
SEROLOGY
Acute -  not a v a i l a b l e .
Convalescent -  5/12  s e r o p o s i t i v e .  
Reciprocal  t i t r e s  - 8 ,1 2 , 1 6 , 2 4 , 2 4 ,  
Mean t i t r e  -  16 .8
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OUTBREAK 7 ( C o n t ' d )
CLINICAL FINDINGS ON ADMISSION
The animal was dead on a r r i v a l .  
Durat ion o f  i l l n e s s  -  3 weeks.
POSTMORTEM FINDINGS
Turbi  nates
Nasopharynx
Larynx
Trachea
Lungs
Abomasum
Kidneys
CNS
R h i n i t i s .
Pharyng i t i s .
Very severe o b s t r u c t iv e  l a r y n g i t i s  w i th  
yel lowish-brown n e c ro t ic  m a t e r i a l .  
Severe t r a c h e i t i s  w i th  haemorrhagic 
necros i s .
Conso l ida t ion  o f  the c ra n ia l  lobes.
No emphysema present,
Norma 1 
Normal 
Normal
MICROBIOLOGY
SAMPLE
Nasal swabs 
Ocular swabs 
Turb i nates  
Nasopharynx 
Trachea 
Lung
VIROLOGY BACTERIOLOGY MYCOPLASMOLOGY
IBR +ve  
ND 
I BR +ve  
I BR +ve  
I BR +ve  
-ve
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
OUTBREAK 8
DATE J a n u a r y  1978.
FARMER'S COMPLAINT
A sudden drop o f  2 -3  ga l lons  in m i lk  y i e l d  in the high 
y ie l d i n g  cows and 1-2 ga l lons  in the low y i e l d e r s ,  toge ther  
w ith  frequent coughing and profuse serous nasal discharge.
ANIMALS AT RISK
105 F r ie s ia n  h e i f e r s  and cows, 41 i n - c a l f  and b u l l in g  
h e i f e r s ,  30 calves  and 4 b u l l s .
HUSBANDRY SYSTEM
The m i lk in g  cows and the young h e i f e r s  were loose-housed  
in kennels ad jacent  to each other  and separated a t  several  
points  by o rd in a ry  g a tes .  S i la g e  was a ls o  fed to  the cows 
in troughs because the face o f  the s e l f - f e d  p i t  was 
r e l a t i v e l y  sm al l .  The h e i f e r s  were not fed near the cows.
HISTORY OF INCIDENT
On I3 t h  January the f i r s t  signs of  disease were seen in a 
r e c e n t ly  calved h e i f e r  and during the fo l lo w in g  3 weeks 
v i r t u a l l y  a l l  the l a c t a t i n g  animals became a f f e c t e d .
I n - c a l f  h e i f e r s  had been grazed away during the summer 
(1977) but 2 bul locks from an adjacent f i e l d  had grazed w i th  
them fo r  2 weeks. They came home in mid-November but they  
were not housed u n t i l  mid-December. Only 3 -4  o f  the  
animals developed mi ld  c l i n i c a l  signs.
Bu l ls  -  one of  the  immature b u l ls  was taken to  a local  
market on 11th January and brought home a ga in .
Another which had been to  another farm on loan returned in 
August.
A t h i r d  young one had been purchased 9 months p r i o r  to  the  
In c id e n t .
The b u l ls  which were being used did show mild r e s p i r a t o r y  
signs towards the end o f  the In c id e n t .  None o f  the calves  
were considered to  have been a f f e c t e d .
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OUTBREAK 8 ( C o n t ' d )  '
CLINICAL FEATURES
S l ig h t  d u l ln es s .  S e l e c t i v e  anorex ia  fo r  3 weeks; animals  
e a t in g  concentra te s ,  but not s i l a g e .  Temperature (104-106°F) ,  
Serous ocu lar  d ischarge ,  Oedematous c o n j u n c t i v i t i s .
No IBK. Copious b i l a t e r a l  serous nasal discharges seen 
hanging 12-14 inches down from the a n im a l 's  nose. No obvious  
nasal le s io n s .  Frequent non-product ive  coughing,
Tachypnoea. Hyperpnoea. A few animals d ro o l in g  s a l i v a .
Two animals d i a r r h o e i c .
In 1977-78 th re e  an imals ,  a l l  served by one b u l l ,  aborted -  
not B r u c e l lo s is .
In 1978-79  two h e i f e r s  and two cows aborted - not B r u c e l lo s is .  
Le p to s p l ra l  i n f e c t io n  diagnosed. A t o t a l  o f  8 h e i f e r s  had 
d i f f i c u l t y  in s e t t l i n g  and two aborted .  Drop in m i lk  y i e l d .  
Nervous signs and c a l f  m o r t a l i t y  - not d e te c ted .  M o rb id i ty  -  
100% in l a c t a t i n g  an imals .  M o r t a l i t y  - about 2%. Duration  
o f  c l i n i c a l  signs -  4 weeks.
Treatment w i th  a n t i b i o t i c s  gave poor response.
CLINICAL DIAGNOSIS
In fe c t io u s  bovine r h i n o t r a c h e i t i s .
FURTHER INVESTIGATION -  HERD 
VIRUS ISOLATION
Not done.
SEROLOGY
Acute samples - not a v a i l a b l e .  
Convalescent samples -  6 /83  s e ro p o s i t iv e .  
Reciprocal  t i t r e s  -  6 , 6 , 8 , 1 2 , 1 2 , 1 6 .  
Mean t i t r e  -  10.0
i l  / »
OUTBREAK 8 (Cont 'd)  
FURTHER INVESTIGATION -  INDIVIDUAL ANIMAL
CLINICAL FINDINGS ON ADMISSION
S l i g h t l y  d u l l .  Anorex ia .  Temperature ( 1 0 4 .5 ° F ) .
B i l a t e r a l  serous oc u la r  d ischarge .  C o n j u n c t i v i t i s ,  No IBK, 
B i l a t e r a l  serous nasal d ischarge .  D i p h t h e r i t i c  les ions  in 
nasal mucosae. Coughing. Tachypnoea (RR = 6 0 /m in ) .
Hyperpnoea. Drool ing s a l i v a .  One small pustu le  in vag ina .  
Pustu lar  d e r m a t i t i s  o f  udder and h in d q u a r te rs .  No d iarrhoea  
No nervous s i gns.
Durat ion o f  i l l n e s s  -  3 weeks.
POSTMORTEM FINDINGS 
Turbi  nates
Nasopharynx)
Larynx
Trachea )
Lungs
Abomasum
Kidneys
CNS
r h i n i t i s  w i th  numerous haemorrhages 
0 . 5  -  1 .0cm throughout the nasal passages
congestion and numerous haemorrhages.
congest ion and numerous haemorrhages,  
congestion around the p y lon ic  reg ion and 
many pe tech ia l  haemorrhages, 
gross ly  e n larged ,  congested,  many p a le -  
y e l lo w is h  areas and numerous pe techia l  
haemorrhages. 
normal .
MICROBIOLOGY
SAMPLE VIROLOGY BACTERIOLOGY MYCOPLASMOLOGY
Nasal swabs ND ND ND
Ocular swabs ND ND NO
Turbinates ND ND ND
Nasopharynx 1 BR +ve -ve ND
Trachea 1 BR +ve -ve ND
Lung -ve -ve ND
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OUTBREAK 9
DATE June 1978.
FARMER'S COMPLAINT
A cow was seen to  be d u l l ,  to  have a bloody discharge on her  
t a i l  and a scabby nose,
ANIMALS AT RISK
33 s in g le  suck ler  beef cows, 35 calves and 18 s t i r k s .
HUSBANDRY SYSTEM
The cows calved from January to  March in s id e ,  in a c u b ic le  
house. Hay and s i l a g e  are  fed and the cows have access to  
one s ide o f  a l a rg e  trough.  On the o ther  s id e ,  which was a 
s l a t t e d  f l o o r  a re a ,  were housed his own 1977 weaned calves  
toge ther  w i th  50 bought - in  weaned calves which had been 
purchased in November.
HISTORY OF INCIDENT
On 5th June one cow had been seen to  be standing by h e r s e l f ,  
and to  have a bloody discharge on her t a i l .  She was thought  
t o  have calved 6 -8  weeks p re v io u s ly .  During the 1977 w in te r  
housing per io d ,  n e i t h e r  o cu lar  or nasal discharges had been 
seen in any o f  the d i f f e r e n t  age groups. However, j u s t  p r io r  
to  the animals being put ou ts ide  in May, th e re  was a big 
increase in the amount o f  coughing in the weaned calves  o n ly .
CLINICAL FEATURES
S l ig h t  d u l ln e s s .  B i l a t e r a l  serous oc u la r  d ischarge .  
C o n j u n c t i v i t i s .  IBK -  present and incidence h igher  than in
previous y ears .  B i l a t e r a l  seromucoid nasal d ischarge .
D i p h t h e r i t i c  les ions  in nasal mucosae - a f f e c t e d  cow had a 
few haemorrhagic les io n s  in a d d i t io n  to d ip h th e re s is  in the  
nasal mucosae. Coughing was a major f e a t u r e  in a l l  the  
a f f e c t e d  an imals ,  w h i le  as a group, f requent  coughing was the  
only  c l i n i c a l  f e a t u r e .  Anorex ia ,  d ia r rh o e a ,  nervous s igns,  
s a l i v a t i o n  and a b o r t io n  -  not d e tected .
M o rb id i ty  -  10%. M o r t a l i t y  -  0%.
Duration o f  c l i n i c a l  signs 3 -4  weeks.
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OUTBREAK 9 ( C o n t ' d )
CLINICAL DIAGNOSIS
In fe c t io u s  bovine r h i n o t r a c h e i t i s .
FURTHER INVESTIGATIONS -  HERD 
VIRUS ISOLATION
Not done.
SEROLOGY
Acute samples - not a v a i l a b l e .
Convalescent samples -  9 /8 6  s e r o p o s i t i v e .
Reciprocal  t i t r e  - 4 , 4 , 6 , 6 , 6 , 6 , 6 , 8  and 192
Mean t i t r e  - 2 6 .4
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OUTBREAK 9 ( C o n t ' d )
FURTHER INVESTIGATIONS -  INDIVIDUAL ANIMAL
CLINICAL FINDINGS ON ADMISSION
Dul lness .  Anorex ia .  Temperature ( 1 0 4 .5^F),  Serous 
ocular  d ischarge.  C o n j u n c t i v i t i s .  No IBK, Mucopurulent  
nasal discharge.  D i p h t h e r i t i c  les ions in the nasal mucosae. 
Haemorrhagic les ions  in the nares.  Frequent coughing.  No 
droo l ing  of  s a l i v a .  D iarrhoea ,  nervous signs -  not seen.  
Duration o f  i l l n e s s  - 3 weeks.
Treatment was not a ttempted.
POSTMORTEM FINDINGS 
Not done.
MICROBIOLOGY
SAMPLE__________ VIROLOGY BACTERIOLOGY MYCOPLASMOLOGY
Nasal swabs I BR +ve ND ND
Ocular swabs I BR +ve ND ND
Turb ina tes  ND ND ND
Nasopharynx ND ND ND
Trachea ND ND ND
Lung ND ND ND
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OUTBREAK 10
DATE J a n u a r y  1978 .
FARMER'S COMPLAINT
Recent ly  purchased.animals went o f f  t h e i r  food, began to  
drool s a l i v a ,  t h e i r  r a t e  and depth o f  r e s p i r a t i o n  increased  
and some were heard to  snore.
ANIMALS AT RISK
About 300 bul locks and h e i f e r s  o f  var ious  breeds aged 
approximate ly  10-15 months.
HUSBANDRY SYSTEM
Forward s tores are  bought in r e g u la r l y  to  be fa t te n e d  in 
about 8 weeks on a b a r l e y / p r o t e i n  mix.  They were loose  
housed in one shed w i th  a c en t ra l  feeding passage and 
bedded in straw. During January and February about 300 
c a t t l e  had been sold and an eq u iva le n t  number bought - in .
Water troughs were shared between pens,
HISTORY OF INCIDENT
A f t e r  Christmas 1977, c l i n i c a l  signs appeared in a group o f  
r e c e n t ly  purchased animals from 10 days to 3 weeks a f t e r  
t h e i r  a r r i v a l .  L a t e r  animals in almost every  group became 
a f f e c t e d .
CLINICAL FEATURES
Dul lness.  Anorex ia .  Temperature ( 1 0 3 . 5 - 1 0 6 ^ F ) . Serous to  
mucoid oc u la r  d ischarge .  C o n j u n c t i v i t i s .  IBK -  a few cases 
but no obvious increase  in inc idence.  B i l a t e r a l  mucoid to  
mucopurulent nasal d ischarge .  D i p h t h e r i t i c  les ions  in nasal  
mucosae. Coughing. Tachypnoea (RR = 5 0 - 6 0 /m in ) .
- Hyperpnoea. A few cases had rhonchi on the c r a n io - v e n t r a l  
aspect on the r i g h t  s ide o f  the th o ra c ic  c a v i t y .  In a few 
cases, f l u i d  sounds were heard in the t rac h ea .  S l ig h t  
subcutaneous emphysema over the th o ra c ic  a re a .  Drooling  
s a l i v a  very common. Diarrhoea only  in one an ima l .  Marked
weight loss in sev e re ly  a f f e c t e d  animals .  No a b o r t io n s .
No nervous s igns.
M o r b id i ty  -  90%. M o r t a l i t y  -  4%.
Duration o f  c l i n i c a l  signs -  8 weeks.
Treatment o f  30 cases w i th  o x y t e t r a c y c l i ne -  f a i r  response,
i
I
OUTBREAK 10 ( C o n t ' d )
CLINICAL DIAGNOSIS
In fe c t io u s  bovine r h i n o t r a c h e i t i s .
FURTHER INVESTIGATION -  HERD 
VIRUS ISOLATION
Nasal swabs -  1/5  IBR +ve
Ocular swabs -  not done
SEROLOGY
Acute samples - 4 /4  (100%) s e r o p o s i t i v e .
Reciprocal  t i t r e s  -  1 2 , 1 2 , 1 6 ,4 8 ,
Convalescent samples - 3/3  (100%) s e ro p o s i t iv e ,
Reciprocal  t i t r e s  - 1 2 ,1 2 ,1 2 .
Mean t i t r e  -  12,0
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OUTBREAK 10 ( C o n t ' d )
FURTHER INVESTIGATIONS -  INDIVIDUAL ANIMAL
CLINICAL FINDINGS ON ADMISSION
Dul lness.  Anorex ia .  Temperature ( 1 0 4 ,2^F).  B i l a t e r a l  
mucopurulent nasal d ischarge .  D i p h t h e r i t i c  les ions  in 
nasal mucosae. Coughing. Tachypnoea (RR = 5 0 /m in ) .
F lu id  sounds in the t ra chea .  S l ig h t  subcutaneous emphysema 
over the th o r a c ic  a re a .  Animal lame on the l e f t  rear  f e t l o c k  
j o i n t .  Marked weight loss.
Duration o f  i l l n e s s  - 3 weeks.
POST MORTEM FINDINGS 
Turbinates
Nasopharynx)
Larynx
Trachea
Lungs
) -  
)
Abomasum 
Ki dneys 
CNS
MICROBIOLOGY
SAMPLE
r h i n i t i s  w i th  a lo t  o f  n e c r o t ic  debri  in 
nasal c a v i t y .
d i f f u s e  p ink ish  congestion and covered w i th  
a f r o t h y  mucopus.
gross severe pneumonia w i th  widespread  
adhesions to the th o ra c ic  wal l  and diaphragm,
L.  lung: m u l t i p l e  areas o f  suppuration.
R. lung: en larged ,  w i th  an area of  c o a g u la t lv e
ne cro s is .  There was thrombosis o f  blood
vessels  as well  as i n t e r s t i t i a l  emphysema
in non-pneumonic diaphragmat ic  lobes.
severe o s t e r t a g i a s i s .
renal  i n f a r c t s .
normal
VIROLOGY BACTERIOLOGY MYCOPLASMOLOGY
Nasal swabs 
Ocular swabs 
Turb ina tes  
Nasopharynx 
Trachea  
Lung
IBR +ve  
ND
I BR +ve
ND
ND
ND
ND
P.haemolyt ica
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OUTBREAK 1 I
DATE A p r i l  1977 .
FARMER'S COMPLAINT
Hyperpnoea and coughing in a r e c e n t ly  purchased h e i f e r .
ANIMALS AT RISK
53 A y rs h i re  cows, 3 h e i f e r s  and 1 b u l l .
HUSBANDRY SYSTEM
The cows were t i e d  in s t a l l s ,  in a s in g le  byre extending  
along 3 sides o f  a square. The 3 h e i f e r s  and bul l  were in 
a separate  byre away from the m i lk in g  cows.
HISTORY OF INCIDENT
Two newly calved h e i f e r s  were bought- in  to  rep lace  2 cu l l  
cows. A few days l a t e r  they became an o rex ic ,  pyrex ic  and 
were seen to be hyperpnoeic and coughing.  Two weeks l a t e r  
the cows in the ad jacent s t a l l s  developed c l i n i c a l  s igns.
During the next 3 weeks the disease spread slowly but 
r e l e n t l e s s l y  along the  byre.
CLINICAL FEATURES
S l ig h t  d u l ln e s s .  Reduced a p p e t i t e .  Temperature ( 1 0 4 - 1 0 7 . 5°F) 
No increase  in IBK cases.  B i l a t e r a l  serous nasal discharges  
but no obvious nasal l e s io n s .  Frequent coughing -  o f t e n  
p ro d u c t iv e ,  r e s u l t i n g  in mucus or h e a v i ly  blood s ta ined mucus 
being seen on the w a l l s  in f r o n t  o f  the cows. A few animals
d ro o l in g  s a l i v a .  Marked drop in m i lk  y i e l d .  T rans ie n t
d ia rrho ea  in a few cases.  Ocular d ischarge ,  c o n j u n c t i v i t i s ,  
nervous s igns ,  a b o r t io n  -  not seen.
M o rb id i ty  ^90%. M o r t a l i t y  -  0%.
Treatment o f  2 o r i g i n a l  animals w i th  o x y t e t r a c y c l i ne -  good 
response.
None o f  the th re e  h e i f e r s  and bul l  were a f f e c t e d .
CLINICAL DIAGNOSIS
In f e c t io u s  bovine r h i n o t r a c h e i t i s .
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OUTBREAK I I ( C o n t ' d )
FURTHER INVESTIGATIONS -  HERD 
VIRUS ISOLATION
Not done.
SEROLOGY
Acute samples -  6/51 s e r o p o s i t i v e .
Reciprocal  t i t r e s  -  a l l  >2
Convalescent samples -  42/51 s e r o p o s i t i v e .
Reciprocal  t i t r e s  -  2 -128
Mean t i t r e  -  Not possib le  to
work-out because only  
a few samples were 
assayed.
FURTHER INVESTIGATIONS -  INDIVIDUAL ANIMAL
No in d iv id u a l  s ic k  animal was purchased fo r  f u r t h e r  
d e t a i l e d  s tu d ie s .
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OUTBREAK 12 '
DATE F e b r u a r y  1979 .
FARMER'S COMPLAINT
Animal slow to  come to  feed ing trough.
Dul lness,  a n o rex ia ,  d ro o l in g  s a l i v a ,  ocu la r  d ischarge,
ANIMALS AT RISK
64 bul locks about 8 months o ld .
HUSBANDRY SYSTEM
Store c a t t l e  a re  bought- in  r e g u la r l y  throughout the year  to  
be fa t te n e d .  The w in te r  accommodation consis ts  o f  2 ins ide  
sheds, each hold ing 40 animals ,  and 2 s e l f  feed s i l a g e  p i t s .  
Animals were fed on s i l a g e  and ba r le y .
Water troughs - shared between pens,
HISTORY OF I NCI DENT
Three weeks a f t e r  the in t ro d u c t io n  o f  a group o f  purchased 
bu l lock s ,  one animal was seen to be i l l .  I t  was not one 
o f  those most r e c e n t ly  purchased. During the next 4 days,  
a f u r t h e r  14 bul locks developed severe c l i n i c a l  signs.  A l l  
those i l l  on the f i r s t  2 days were on the same side o f  the  
u n i t .
CLINICAL FEATURES
Dul lness.  Reduced a p p e t i t e .  Temperature (104-107^F) .  
Serous ocu la r  d ischarge .  C o n j u n c t i v i t i s .  Occasional  
coughing.  Tachypnoea. Hyperpnoea. Harsh r e s p i r a t i o n s .  
R e s p ira to ry  s t e r t o r  and t rac hea l  f l u i d  sounds. B i l a t e r a l  
mucopurulent nasal d ischarges.  No obvious nasal le s io n s .  
Profuse f r o t h y  s a l i v a t i o n .  No d ia r rh o e a .  No nervous signs  
as such although s ev e re ly  a f f e c t e d  in d iv id u a ls  shook t h e i r  
heads f r e q u e n t ly .
M o rb id i ty  ~ about 90%. M o r t a l i t y  - 1 animal c u l le d  (1 .4%) .  
Duration o f  c l i n i c a l  signs -  1 week.
Treatment w i th  e i t h e r  c h i o r t e t r a c y c l i ne or o x y t e t r a c y c l i ne - 
good response.
CLINICAL DIAGNOSIS
In fe c t io u s  bovine r h i n o t r a c h e i t i s .
OUTBREAK 12 ( C o n t ' d )
FURTHER INVESTIGATIONS -  HERD
VIRUS ISOLATION
Nasal swabs -  5 /6  IBR +ve 
Ocular swabs -  2 /2  -ve
SEROLOGY
Acute samples -  8 /46  s e r o p o s i t i v e .
Reciprocal  t i t r e s  -  4 , 6 , 6 , 8 , 1 2 , 1 6 , 1 6 , 2 4 .
Convalescent samples -  4 0 /46  s e r o p o s i t i v e .
Reciprocal  t i t r e s  - 4 , 6 , 6 , 6 , 6 , 8 , 8 , 8 , 8 , 8 , 8 , 8 ,
8 , 1 2 , 1 2 , 1 2 , 1 2 , 1 2 , 1 2 , 1 2 , 1 2 , 
1 2 , 1 2 , 1 2 , 1 2 , 1 2 , 1 2 , 1 2 , 1 2 , 1 2 , 
1 2 , 1 6 , 1 6 , 2 4 , 2 4 , 2 4 , 2 4 , 2 4 , 3 2  
and 9 6 .
Mean t i t r e  -  14 .7
267
OUTBREAK 12 ( C o n t ' d )
FURTHER INVESTIGATIONS -  INDIVIDUAL ANIMAL
CLINICAL FINDINGS ON ADMISSION
Dul lness.  Anorex ia ,  Temperature ( 1 0 6 .5 ° F ) .  Serous 
ocular  d ischarge .  No c o n j u n c t i v i t i s .  No IBK. B i l a t e r a l  
serous to mucoid nasal d ischarge .  No les ions  in nasal 
mucosae. No coughing.  Drooling  s a l i v a .  D iarrhoea .  
Nervous signs -  not de tected .
Animal had been i l l  fo r  ten days.
Treatment w i th  o x y t e t r a c y c l Îne poor response.
POSTMORTEM FINDINGS
Turbi  nates
Nasopharynx
Larynx
Trachea
Lungs
Abomasum
Kidneys
CNS
MICROBIOLOGY
SAMPLE
r h i n i t i s .
severe p h a r y n g i t is ,  
severe l a r y n g i t i s ,  
severe t r a c h e i t i s .
ex tens ive  pneumonia w i th  much i n t e r s t i t i a l  
emphysema. Some o f  the pneumonic les ions  
were n e c r o t i c .  There were several  la rg e  
pulmonary haemorrhages,  
normal.
pa le  and i n f a r c t s  present ,  
normal.
VIROLOGY BACTERIOLOGY MYCOPLASMOLOGY
Nasal swab 
Ocular swab 
Turbi  nates  
Nasopharynx
T rachea
Lung
ND
ND
ND
ND
ND
ND
ND
ND
ND
Streptococcus  
f a e c a l i  s
Aerococcus 
V i r i  dans
Micrococcus sp. 
Act i nobaci11 us 
1 ! g n ie r e s i i
ND
ND
ND
M. bovis 
M. bovis 
M. bov is
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OUTBREAK 13
DATE March 1979.
FARMER'S COMPLAINT
Coughing, tachypnoea, runny eyes and runny nose in r e c e n t ly  
purchased animals .
ANIMALS AT RISK
130 feeding c a t t l e  8 12 months o ld ,
HUSBANDRY SYSTEM
Store  animals are  purchased and fa t tene d  in a s l a t t e d  f l o o r  
house w i th  a c en t ra l  feeding passage. Hay is fed together  
w ith  a home-made meal based on b a r le y .  This was f i n e  but 
not very  dusty.
HISTORY OF INCIDENT
About 10 days a f t e r  a group of  52 bu l locks  was housed, 
several animals were seen to be i l l .  Other purchased groups
have been introduced and the disease has s lowly  spread to
invo lve  them as well  as o ld e r  animals a l re a d y  in the shed.
CLINICAL FEATURES
S l ig h t  d u l ln e s s .  S e l e c t i v e  a p p e t i t e ,  e a t in g  hay and leav ing  
concentra tes .  Temperature (1 0 5 -1 0 6 °F ) .  Mucopurulent  
o c u la r  d ischarges.  C o n j u n c t i v i t i s .  IBK became apparent  
a f t e r  IBR was confirmed and i 2 animais had severe le s io n s .  
B i l a t e r a l  mucopurulent nasal d ischarges.  A few in d iv id u a ls  
had d i p h t h e r i t i c  les ions  in nasal mucosae. Coughing, 
Tachypnoea. Hyperpnoea. Several  animals had r e s p i r a t o r y  
s t e r t o r .  Drool ing o f  s a l i v a  not common. Marked weight  
loss .  No d ia r rh o e a .  No nervous s igns.
M o rb id i ty  -  90%. M o r t a l i t y  5%.
Duration o f  c l i n i c a l  signs -  5 weeks.
Treatment w i th  o x y t e t r a c y c l i ne -  v a r i a b l e  response.
CLINICAL DIAGNOSIS
I n f e c t i o u s  b o v i n e  r h i n o t r a c h e i t i s .
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OUTBREAK 13 ( C o n t ' d )
FURTHER INVESTIGATIONS -  HERD
VIRUS ISOLATION
Nasal swabs - 4 /5  IBR +ve 
Ocular swabs -  Not done.
SEROLOGY
Not done.
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OUTBREAK 13 ( C o n t ' d )
FURTHER INVESTIGATIONS -  INDIVIDUAL ANIMAL
CLINICAL FINDINGS ON ADMISSION
Dul lness.  Anorex ia ,  Temperature ( lO l .O ^ F ) .  Purulent
ocu lar  d ischarge.  Congested con ju n c t iv a l  mucosae. No IBK,
Severe h a l i t o s i s .  B i l a t e r a l  mucopurulent nasal d ischarge.
D i p h t h e r i t i c  les ions  in nasal mucosae. Blood streaks in 
the nares.  Coughing f r e q u e n t ly .  Tachypnoea. Harsh
r e s p i r a t i o n s .  Rhonchi and c rack les  on the a n t e r i o r  ve n t ra l  
aspect o f  both sides o f  the th o ra c ic  c a v i t y .  Not d roo l ing  
s a l i v a .  No d ia r rh o e a .  No nervous signs.
Duration o f  i l iness 4 weeks.
POSTMORTEM FINDINGS 
Turb i nates  
Pharynx 
Larynx  
Trachea  
Lungs
Abomasum
Kidneys
CNS
r h i n i t i s  w i th  a l o t  o f  n e c r o t ic  d e b r i ,  
p h a r y n g i t is ,  necrosis and haemorrhage,  
severe l a r y n g i t i s  and haemorrhages,  
severe t r a c h e i t i s  and haemorrhages,  
marked i n t e r s t i t i a l  pneumonia w i th  p le u r is y  
and emphysema, 
normal.
kidney i n f a r c t s  present,  
normal.
MICROBIOLOGY
SAMPLE
Nasal swabs 
Ocular swabs 
Turb inates
Lung
VIROLOGY BACTERIOLOGY
ND 
ND 
IBR +ve
Nasopharynx ND
Trachea IBR +ve
MYCOPLASMOLOGY
-v e
ND
ND
Pseudomonas 
aerugi nosa
A c ine tobac te r  
Twoff i  
Aeromonas 
v iv idans
F Iavobacter  i urn 
spp.
ND
ND
M. bovis 
ND
M. bovis
M. bovis
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OUTBREAK 14
DATE March  1979.
FARMER'S COMPLAINT
Frequent coughing,  serous o cu lar  and nasal discharge and 
reduced a p p e t i t e  in re c e n t ly  purchased b u l lo c k s .
ANIMALS AT RISK
42,  e ig h t  to  ten months o ld  f a t t e n i n g  s t l r k s  and 5P s ix  
months old s to re s ,
HUSBANDRY SYSTEM
The c a t t l e  were housed in one s la t t e d  f l o o r  shed w i th  
ce n t ra l  feed ing passage. St i rks  are  bought- in  to f a t t e n  
or to  be sold as forward stores in the spr ing .
HISTORY OF INCIDENT
Three weeks a f t e r  28 F r i e s ia n  s t i r k s ,  aged 8 months, had 
been purchased, coughing and oculo-nasa l  discharge were 
observed.
CLINICAL FEATURES
Dul lness .  Reduced a p p e t i t e .  Temperature (1 0 3 -1 0 6 °F ) .  
B i l a t e r a l  serous o c u la r  discharge.  Moderate c o n j u n c t i v i t i s .  
IBK 1-2 cases per y ea r .  Incidence not h igher  during  
outbreak.  B i l a t e r a l  mucoid to  mucopurulent nasal d ischarge .  
D i p h t h e r i t i c  plaques in nasal mucosa. Coughing.
Tachypnoea. Drool ing  s a l i v a .  Marked loss of  weight in 
s ev ere ly  a f f e c t e d  an imals .  As a group there  was no obvious
weight gain fo r  2 -3  weeks. No d ia r rh o ea .  No nervous s igns.
M o r b id i ty  -  90%. M o r t a l i t y  -  1%.
Duration o f  c l i n i c a l  signs 3-4  weeks.
Treatment w i th  o x y t e t r a c y c l i ne - v a r i a b l e  response,
CLINICAL DIAGNOSIS
I n f e c t i o u s  b o v i n e  r h i n o t r a c h e i t i s .
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OUTBREAK 14 ( C o n t ' d )
FURTHER INVESTIGATIONS -  HERD
VIRUS ISOLATION
Nasal swabs -  5 /5  IBR +ve
Ocular swabs -  2 /2  -ve
SEROLOGY
Not done.
FURTHER INVESTIGATIONS - INDIVIDUAL ANIMAL
No in d iv idua l  s ick  animal was purchased for  f u r t h e r  
d e t a i l e d  s tu d ie s .
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OUTBREAK 15
DATE F e b r u a r y  1979 .
FARMER'S COMPLAINT
A g a l a c t i a ,  a n o rex ia ,  p y r e x ia ,  d u l ln es s ,  ocu lar  and nasal 
di scharge,
ANIMALS AT RISK
Byre -  42 cows and h e i f e r s  1 B u l l .
Court “ v a r i a b l e  number o f  c a t t l e  i n - t r a n s i t .
HUSBANDRY SYSTEM
There was two separate  populat ions o f  c a t t l e ;  m i lk in g  cows 
in a t r a d i t i o n a l  double byre and a " f l y i n g "  herd o f  cows 
which were bought - in  and then sold immediately a f t e r  c a lv in g ;  
average t ime on the farm fo r  the l a t t e r  animals is 3 -4  days.  
The turnover  in t h i s  l a t t e r  u n i t  is about 70 animals per week, 
However, on ly  4 cows from the m i lk in g  byre have been sold and 
been rep laced .  During the w in te r  housing per io d ,  the d a i ry  
cows had been a l lowed o u ts id e  every day.
HISTORY OF INCIDENT
From 3“9th February,  4 l a c t a t i n g  cows suddenly went o f f  t h e i r  
m i l k ,  they became anorex ic  and developed severe r e s p i r a t o r y  
s igns.  The second cow seen to  be i l l  had been sold through  
a market tw ice  and had been re turned tw ic e ,  on both occasions  
w i t h i n  7 days o f  being so ld .  Her i l l n e s s  had i n i t i a l l y  been 
diagnosed as t r a n s i t  f e v e r ,
CLINICAL FEATURES
Dul lness .  Anorex ia .  Temperature (1 05-107^F) .  B i l a t e r a l  
serous o c u la r  d ischarge .  C o n j u n c t i v i t i s .  IBK -  one case,  
no change in inc idence.  B i l a t e r a l  mucoid nasal d ischarge .
Coughing. Tachypnoea. Hyperpnoea. Drool ing  s a l i v a .
Sudden onset a g a l a c t i a .  No d ia r rh o e a .  No nervous s igns.
No a b o r t io n s .  No f e r t i l i t y  problems.
M o r b id i ty  -  about 30%. M o r t a l i t y  5%.
Duration o f  c l i n i c a l  signs -  2 weeks.
Treatment w i th  p e n i c i l l i n  -  poor response.
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OUTBREAK 15 ( C o n t ' d )
CLINICAL DIAGNOSIS
in fe c t io u s  bovine r h i n o t r a c h e i t i s .
FURTHER INVESTIGATIONS -  HERD
VIRUS ISOLATION
Nasal swabs -  1 /3  IBR +ve.
Ocular swabs -  ND.
SEROLOGY
f Acute samples -  no samples a v a i l a b l e .
Convalescent samples - 16/22 s e r o p o s i t i v e .
Reciprocal  t i t r e s  -  6 , 6 , 6 , 6 , 8 , 8 , 8 , 8 , 1 2 , 1 2 , 1 2 ,
1 6 , 1 6 , 1 6 ,2 4 , 2 4 .
Mean t i t r e  - 10.25
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OUTBREAK 15 ( C o n t ' d )
FURTHER INVESTIGATIONS -  INDIVIDUAL ANIMAL
CLINICAL FINDINGS ON ADMISSION
Dullness .  Anorex ia .  Temperature ( 9 9 ° F ) . Serous o cu lar
discharge.  C o n j u n c t i v i t i s ,  No IBK. B i l a t e r a l  mucopurulent  
nasal discharge.  No evidence of  d i p h t h e r i t i c  plaques.  No 
coughing.  H a l i t o s i s .  Drooling  s a l i v a .  Diarrhoea and
nervous signs not seen. Animal recumbent on admission.  
Duration o f  i l l n e s s  - 2 weeks.
POSTMORTEM FINDINGS 
Not done.
MICROBIOLOGY
SAMPLE__________ VIROLOGY BACTERIOLOGY MYCOPLASMOLOGY
Nasai swabs IBR +ve ND ND
Ocular swabs IBR +ve ND ND
Turb inates  ND ND ND
Nasopharynx ND ND ND
Trachea ND ND ND
Lung NO ND ND
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APPENDIX 2
THE RESULTS OF THE PREVALENCE OF NEUTRALISING ANTIBODIES 
TO INFECTIOUS BOVINE RHINOTRACHEITlS VIRUS IN SCOTTISH HERDS
ABBREVIATIONS
The f o l lo w in g  a b b re v ia t io n s  have been used in t h i s  appendix,
G = Grampian region
S -  S t r a th c ly d e  region
C = Centra l  region
H = Highland region
DG = Dumfries and Galloway region
Thus :
GB = Banff  and Buchan
GG = Gordon
GM = Moray
SC “ Cunninghame
SCD = Cumnock and Doon V a l le y
SE = Eastwood
SEK = East K i l b r i d e
SKL = Ki lmarnock and Loudon
SL = Lanark
SR = Renfrew
SS = K e lv in
C = Centra l
DG = Dumfries and Galloway
H = Highland
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TABLE 1 . The r e s u l t s  o f  t h e  s u r v e y  on t h e  p r e v a l e n c e  o f  n e u t r a l i s i n g
a n t i b o d i e s  t o  i n f e c t i o u s  b o v i n e  r h i n o t r a c h e i t i s  v i r u s  i n  t h e
G ramp ian  r e g i o n .
Herd Animals sampl ed No, R e d  procal Other
Farm S i ze No. Age Pos i t i v e T i t r e Type o f  herd 1nformat i on
GBl 90 10 10c - - S/C
GB2 79 10 10c Ic 8 Bought- i  n Signs of  
IBR 1978
GB3 180 10 9c,  1 h - - S/C -
GB4 75 10 1 Oc - - S/C -
GB5 200 10 1 Oc - - S/C H o ls te in  bu 
from Canada
GB6 150 10 10c I c 4 S/C -
GB7 65 10 10c Ic 4 Bought-!n -
GB8 65 11 11c - - Bought-i  n -
GB9 70 10 10c 1 c 16 S/C -
GBIO 135 10 7c,3h 2c 6 ,6 S/C -
GBll 75 10 1 Oc 1 c 16 Bought- i  n -
GBl 2 300 10 10c 3c 4 , 4 , 6 S/C Hoi s te in s
GBl 3 75 10 1 Oc - Bought- i n -
GB14 254 10 10c 6c 4 , 6 , 6 , 8 ,  
12,12
S/C Hoi s te in s
GB15 200 10 1 Oc - - S/C -
GB16 95 10 6c,  4h Ic 4 S/C -
GBl 7 70 10 1 Oc 2c 12,12 S/C -
GB18 45 10 9c,  Ih - - Bought-i  n -
GB19 90 10 7c,3h - - S/C “
GB20 170 10 1 Oc 8c 4 , 6 , 8 , 8 ,  
1 2 ,1 6 ,1 6 ,  
24
S/C Hoi s te in s
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T a b j e l .  ( C o n t ' d )
Herd 
SI ze
Animals sampled No. 
Pos i t i v e
R e d  procal  
T i t r e
Other
Farm No, Age Type o f  herd 1nformat i on
GGl 200 10 9 c , I h 3c 6 ,1 2 ,1 6 S/C
GG2 100 10 7c, 3h - - S/C -
GG3 170 10 1 Oc - - S/C -
GG4 170 10 1 Oc 1 c 8 S/C -
GG5 160 10 10c I c 12 S/C -
GG6 1 80 10 lOh 4h 1 2 ,1 2 ,2 4 ,
32
S/C -
GG7 350 10 10c 3c 6 ,8 ,1 2 S/C -
GG8 60 10 10c - - S/C -
GG9 35 10 1 Oc 1 c 4 S/C -
GGIO 30 10 1 Oc - - S/C -
GGll 110 10 1 Oc - - S/C -
GG12 150 10 10c - - S/C Signs o f  IBR 
1977-78
GGl 3 90 10 10c - - S/C -
GMl 80 10 5c,5h - - S/C -
GM2 120 10 10c - - S/C -
GM3 130 10 8c,  2h - - S/C -
GM4 150 10 9c,  Ih - - S/C -
GM5 200 10 1 Oc 1 c 8 S/C -
GM6 250 18 1 8c 6c 4 , 6 , 6 , 8 ,  
12,12
S/C Hoi s te in s
GM7 85 10 8c ,2h S/C
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t a b l e  2 , The r e s u l t s  o f  t h e  s u r v e y  on th e  p r e v a l e n c e ' o f  n e u t r a l i s i n g
a n t i b o d i e s  t o  i n f e c t i o u s  b o v i n e  r h i n o t r a c h e Î t i s  v i r u s  i n
t h e  S t r a t h c l y d e  r e g i o n .
Herd Animals sampled No. Reciproca1 
t i t r e
Type o f  
Herd
Other
Farm S i ze No. Age Pos i t i v e 1 nformat ion
SCI 130 10 10c 2c 4,12 S/C
SC2 100 10 5c,5h 2c 12,24 S/C -
SC3 140 10 1 Oc 1 c 6 S/C Signs o f  IBR 
1977-78
SC4 165 10 1 Oc - - S/C -
SC5 110 10 10c - - Bought-in
SC6 100 10 5c,5h 3c,2h 4 , 8 , 1 2 , 1 6
16
Bought- in
SC7 60 10 1 Oc - - Bought-in -
SC8 84 10 1 Oc - - S/C -
SCDl 90 10 10c - - S/C -
SCD2 45 10 1 Oc 2c 6,12 Bought- in -
SCD3 85 10 9 c , I h - S/C -
SCD4 80 10 6c,  4h - S/C -
SCD5 65 10 7c,  3h - - S/C -
SCD6 95 10 9 c , I h 3c 6 ,8 ,1 2 S/C Signs o f  IBR 
1969-70
SCD7 115 10 4c,  6h 2c 24,24 S/C -
SODS 70 10 10c - - Bought- in -
SCD9 85 10 9c,  Ih 4c 4 , 6 , 1 2 ,
12
Bought- in -
SCOÎO 35 10 6c,  4h Ic 8 S/C -
SEl 39 10 1 Oc 2c 6,12 S/C -
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T a b l e  2.  ( C o n t ' d )
Herd Animals sampled No. Rec iprocal  
t i t r e
Type o f  
herd
Other
Farm Size No. Age Pos i t i v e 1nformat i on
SEKl 85 10 1 Oc 1 c 4 S/C -
SEK2 55 10 10c - - S/C IBR signs  
seen in 1978
SEK3 85 10 6c,4h - - S/C -
SEK4 100 10 8 c , 2h - - S/C -
SEK5 80 10 1 Oc 8c 4 , 4 , 4 , 1 2 ,
1 2 ,1 2 ,2 4 ,
32
S/C -
SEK6 100 10 7c,  3h - - S/C -
SEK7 120 10 1 Oc 6c 1 2 ,1 2 ,1 2 ,
12 ,12 ,1 2
S/C -
SEK8 50 10 10c 1 c 16 S/C -
SEK9 70 10 9c,  1 h - - S/C -
SEKIO 70 10 4c,  6h 1 c 12 S/C -
SEKll 85 10 8c,  2h 4c 1 2 ,1 2 ,1 2 ,
24
S/C -
SKLl 140 10 10c 2c 6,12 S/C -
SKL 2 120 10 1 Oc 1 c 6 S/C -
SKL 3 92 10 10c - - S/C -
SKL4 52 10 8c,  2h 1 c 8 S/C -
SKL 5 100 10 10c 3c 6 ,1 2 ,12 S/C -
SKL6 140 10 6c,4h - - S/C -
SKL 7 130 10 6c,  4h - - S/C -
SKL 8 90 10 7c.3h 2c 12,12 S/C
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T a b l e  2 , ( C o n t ' d )
Herd 
S î ze
Animal 5 sampled No. 
Pos i t i v e
Reci procal  
t i t r e
Type of  
Herd
Other  
1 nformat i onFarm No, Age
SLl 13 13 I3h Beef .
SL2 53 10 1 Oc 2c 8,12 Beef -
SL3 121 10 1 Oc - - Beef -
SL4 112 10 6c,4h 2c,  1 h 6 ,8 ,1 2 Beef -
SL5 60 6 5c,  1 h le 12 Beef -
SL6 11 11 11c 5c 6 , 8 , 1 2 ,
12,96
Bought- in  
Beef
SL7 157 10 lOh - S/C -
SL8 11 11 5c,  6h 3c 6 , 6 , 1 6 Beef -
SRI 62 10 1 Oc - - S/C -
SR2 80 10 10c - - S/C -
SR3 95 10 4c,6h - S/C -
SR4 50 10 7c, 3h - - S/C -
SR5 190 10 8c,  2h - - S/C -
SR6 75 10 1 Oc 4c 1 6 ,2 4 ,2 4 ,
24
S/C -
SR7 55 10 10c - - S/C -
SR8 56 10 9c,  1 h - - S/C -
SR9 130 10 9c,  1 h - - S/C -
SRIO 38 10 8c,2h l e 4 S/C IBR signs  
1977-78
SRI! 80 10 9 c , 1 h S/C
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T a b l e  2.  ( C o n t ' d )
Farm
Herd 
S i ze
Animal s sampled No, 
Pos i t i v e
Rec i procal  
t i t r e
Type of  
Herd
Other  
1 nformat ionNo. Age
SSl 45 10 9 c , I h S/C
SS2 60 10 9c,  1 h - - S/C -
SS3 1 30 10 8c ,2h I h 12 S/C -
SS4 4 5 10 7c,3h le 12 S / c -
SS5 55 10 8 c , 2h 1 c 16 s / c -
SS6 120 10 1 Oc - - S / c -
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TABLE 3 . The r e s u l t s  o f  t h e  s u r v e y  on t h e  p r e v a l e n c e  o f  n e u t r a l i s i n g
a n t i b o d i e s  t o  I n f e c t i o u s  b o v i n e  r h i n o t r a c h e i t i s  v i r u s  i n  t h e
C e n t r a l ,  H i g h l a n d ,  D u m f r i e s  and G a l l o w a y  r e g i o n s .
Herd Animals sampled No. Reci procal 
t i t r e
Type o f  
Herd
Other
Farm SI ze No. Age Pos i t i v e 1nformat I  on
Cl 70 10 1 Oc 3c 6 ,8 ,1 2 S/C
C2 85 10 1 Oc 2c 8,12 S/C -
C3 70 10 1 Oc 2c 12,24 S/C -
C4 65 10 10c 1 c 4 S/C -
DGl 100 10 lOh - - S/C -
DG2 51 10 lOh - S/C -
DG3 99 10 lOh - - S/C -
HI 20 10 1 Oc 3c 6 , 6 , 8 Beef S/C
H2 50 8 5c,3h 3 c , I h 6 , 8 , 8 , 8 Beef
Bought-in
IBR previous  
years
H3 60 10 1 Oc 1 c 24 Beef S/C -
H4 30 14 14c 1 c 4 Beef S/C -
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APPENDIX 3
TABLE 1 . R e s u l t s  o f  n e u t r a l i s a t i o n  o f  S t r i c h e n  r a b b i t  a n t i s e r u m  w i t h
t h e  S t r i c h e n  s t r a i n  o f  i n f e c t i o u s  bov ine -  r h i n o t r a c h e i t i s  v i r u s .
TIME PLAQUE COUNTS MEAN PLAQUE COUNT v t / v o Log ^^/vo
0 minutes 7 8 ,8 2 ,9 5 ,7 6 82.75 1 .0 0 .00
5 I I 7 2 , 7 6 , 7 6 ,7 4 74.5 0 .9 - 0 .0 5
10 I I 7 6 , 7 4 , 6 4 ,6 4 69.5 0 .8 4 - 0 . 0 8
15 I I 4 6 , 4 4 , 4 4 ,4 8 4 5 .5 0 .5 5 - 0 . 2 6
20 I I 3 0 ,2 5 ,2 4 ,3 1 27 .5 0 .33 - 0 . 4 8
25 I I 1 8 ,1 8 ,2 5 ,2 2 20.75 0 .2 5 - 0 .6 0
30 I I 1 7 , 1 5 , 1 0 ,1 6 14.5 0 .1 8 - 0 .7 5
TABLE 2 Results  of  n e u t r a l i s a t i o n  o f  S tr ichen  r a b b i t  a n t i  serum w i th
the Colorado s t r a i n  o f  in fe c t io u s  bovine r h i n o t r a c h e i t i s  v i ru s
TIME PLAQUE COUNTS MEAN PLAQUE COUNT v t / v o Log ^^ /vo
0 minutes 68,71 ,81 ,76 74 .0 1 .00 0 .0 0
5 " 70 ,5 0 ,6 2 ,8 1 65.75 0 .8 9 - 0 .0 5
10 " 35 ,3 4 ,3 4 ,3 1 33.5 0 .4 5 - 0 .3 5
15 " 1 8 , 1 6 , 2 0 ,1 8 18 0 .2 4 - 0 .6 2
20 " 10,  8 ,1 3 ,1 2 10.75 0 .1 5 - 0 .8 2
25 " 4 ,  6,  9,  9 7- 0 .0 9 "1 .05
30 " 5 ,  6,  3 ,10 6 0 .0 8 -1 .10
TABLE 3. Results  o f  n e u t r a l i s a t i o n  o f  S tr ichen  ra b b i t  antiserum w ith
Oxford s t r a i n o f  in fe c t io u s  bovine r h i n o t r a c h e i t i s  v i r u s .
TIME PLAQUE COUNTS MEAN PLAQUE COUNT v t / v o Log ^^/vo
0 minutes 8 5 ,8 4 ,9 4 ,1 0 3 91 .5 1 .00 0 .0 0
5 " 8 1 , 8 5 , 7 6 ,7 4 79.0 0 .8 6 - 0 . 0 7
10 " 6 1 , 4 2 , 6 9 ,6 9 60.25 0 .6 6 - 0 . 1 8
15 " 2 7 ,2 8 ,2 9 ,3 2 2 9 .0 0 .3 2 - 0 . 5 0
20 " 1 5 , 1 3 , 1 8 ,1 8 16.0 0 .1 7 - 0 . 7 7
25 " 5 ,  6 ,  9 ,  4 6 .0 0 .0 7 - 1 . 1 6
30 " 3,  4 ,  6 ,  6 4 .7 5 0 .05 -1 .30
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TABLE 4 . R e s u l t s  o f  n e u t r a l i s a t i o n  o f  S t r i c h e n  b o v i n e  a n t i s e r u m  w i t h
S t r i c h e n  s t r a i n  o f  i n f e c t i o u s  b o v i n e  r h i n o t r a c h e i t i s  v i r u s .
TIME PLAQUE COUNTS MEAN PLAQUE COUNT v t / v o Log ^^/vo
0 mi nutes 7 2 ,7 4 ,6 0 ,8 0  . 71 .5 1 .00 0 .00
5 I I 7 3 ,7 2 ,6 7 ,6 6 69.5 0 .9 7 -0 .01
10 I I 5 2 , 6 5 , 6 6 ,6 8 62.75 0 .8 8 - 0 . 0 6
15 I I 6 0 , 6 7 , 5 2 ,4 6 56.25 0 .7 9 - 0 .1 0
20 I I 5 4 , 5 2 , 4 4 ,4 8 4 9 .5 0 .6 9 - 0 . 1 6
25 I I 5 0 , 3 8 . 3 3 ,3 7 39.5 0 .55 - 0 . 2 6
30 I I 3 0 ,2 5 ,2 9 ,3 0 28.5 0.40 - 0 .4 0
TABLE 5 . Results  o f  n e u t r a l i s a t i o n  o f  S tr ichen bovine antiserum w ith
Colorado s t r a i n  of  in fe c t io u s  bovine r h i n o t r a c h e i t i s  v i r u s .
TIME PLAQUE COUNTS MEAN PLAQUE COUNT v t / v o Log v t / v o
0 minutes 4 6 , 5 0 , 5 2 , 5 4 50.5 1 .00 0 .0 0
5 II 5 0 , 4 9 , 4 5 ,4 8 4 8 .0 0 .95 - 0 .0 2
10 M 5 4 , 4 2 , 4 3 ,3 7 4 4 .0 0 .8 7 - 0 . 0 6
15 II 3 6 , 3 8 , 3 0 ,2 8 33.0 0 .6 5 - 0 .1 9
20 II 2 0 , 2 3 , 2 0 ,2 7 22 .5 0 .4 6 - 0 . 3 4
25 II 1 4 ,1 7 , 1 2 ,1 9 15.5 0.31 -0.51
30 II 6 ,1 1 ,  6,11 8 .5 0 .1 7 - 0 . 7 7
TABLE 6 . Results  of  n e u t r a l i s a t i o n  o f  S tr ichen  bovine antiserum w i th  
Oxford s t r a i n  o f  i n f e c t io u s  bovine r h i n o t r a c h e i t i s  v i r u s .
TIME PLAQUE COUNTS MEAN PLAQUE COUNT v t / v o Log ^^ /vo
0 mi nutes 9 0 , 8 6 , 9 2 ,9 6 91 .0 1 .00 0 .00
5 II 9 3 , 8 8 , 8 7 ,8 6 88.5 0 .9 7 -0 .01
10 II 7 6 , 7 0 , 8 4 ,6 4 73.5 0.81 - 0 . 0 9
15 II 4 5 ,6 8 ,5 2 ,6 1 5 6 .5 0 .6 2 - 0 . 2 9
20 II 4 0 , 5 5 , 6 0 ,3 0 46 .25 0.51 - 0 . 2 9
25 II 3 3 ,3 9 ,3 3 ,4 1 36.5 0 .4 0 - 0 . 4 0
30 II 1 9 ,1 9 ,2 5 ,2 5 2 2 .0 0 .2 4 - 0 . 6 2
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TABLE 7 « R e s u l t s  o f  n e u t r a l i s a t i o n  o f  C o l o r a d o  r a b b i t  a n t i s e r u m  w i t h
C o l o r a d o  s t r a i n  o f  i n f e c t i o u s  b o v i n e  r h I n o t r a c h e i t i s  v i r u s .
TIME PLAQUE COUNTS MEAN PLAQUE COUNT v t / v o Log ^^/vo
0 mi nutes 5 0 ,6 3 ,6 0 ,6 2 58.75 1 .00 0 .00
5 I I 6 2 ,6 4 , 4 4 ,5 5 56.25 0 .9 6 - 0 .0 2
10 I I 3 0 ,3 2 ,3 7 ,3 2 32.75 0 .5 6 - 0 .2 5
15 I I 2 6 , 2 0 , 2 2 ,1 8 21 .5 0 .3 7 - 0 .4 3
20 I I 12 ,1 5 ,10 ,1 1 12.0 0 .20 - 0 .7 0
25 I I 8, 8,  6,  9 7 .75 0 .13 - 0 . 8 9
30 I I 1, 3, 3, 5 3 .0 0 .05 - 1.30
TABLE 8, Results  o f  n e u t r a l i s a t i o n  o f  Colorado ra b b i t  a n t i  serum w ith
S tr iche n  s t r a i n  o f  in fe c t io u s  bovine r h i n o t r a c h e i t i s  v i r u s .
TIME PLAQUE COUNTS MEAN PLAQUE COUNT v t / v o Log ^^/vo
0 minutes 4 7 , 3 4 , 4 2 ,4 5 4 2 .0 1.00 0 .00
5 I I 3 8 ,3 5 ,4 4 ,2 7 36.0 0 .8 6 - 0 . 0 6
10 I I 3 3 ,3 0 ,3 2 ,3 5 32.5 0 .7 7 -0 .11
15 I I 3 0 , 2 6 , 2 8 ,2 8 28.0 0 .6 7 - 0 . 1 7
20 I I 1 7 ,1 7 ,3 3 ,2 9 24.0 0 .5 7 - 0 . 2 4
25 I I 1 2 .12 ,15 ,1 1 11.5 0 .2 7 - 0 .5 7
30 I I 7 ,1 0 ,  5,  5 6 .75 0 .1 6 - 0 . 7 9
TABLE 9 . Resul ts  of  n e u t r a l i s a t i o n  of  Colorado r a b b i t  antiserum w i th  
Oxford s t r a in  o f  in fe c t io u s  bovine r h i n o t r a c h e i t i s  v i r u s .
TIME PLAQUE COUNTS MEAN PLAQUE COUNT v t / v o Log ^^ /vo
0 minutes 3 5 ,3 4 ,3 1 ,3 8 34 .5 1 .00 0 .00
5 II 3 0 , 2 9 , 2 7 ,2 6 28 .0 0.81 - 0 . 0 9
10 II 2 5 , 2 3 , 2 5 ,2 4 24.25 0 .7 0 - 0 .1 5
15 11 2 0 , 2 2 , 1 8 ,2 0 20 .0 0 .5 6 - 0 .2 5
20 M 1 0 ,1 3 ,1 5 ,1 4 13.0 0 .3 8 - 0 .4 2
25 II 9,  9 ,  8 ,  8 8 .5 0 .25 - 0 .6 0
30 II 4 ,  4 ,  3,  5 4 . 0 0 .1 2 - 0 .9 2
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TABLE 1 0 . R e s u l t s  o f  n e u t r a l i s a t i o n  o f  O x fo r d  r a b b i t  a n t i s e r u m  w i t h
O x f o r d  s t r a i n  o f  i n f e c t i o u s  b o v i n e  r h i n o t r a c h e i t i s  v i r u s .
TIME PLAQUE COUNTS MEAN PLAQUE COUNTS v t / v o Log v t / v o
0 minutes 1 1 6 , 1 1 8 , 1 2 2 , 1 1 6 1 1 8 .0 1 .00 0 . 0 0
5 " 1 0 2 ,1 0 4 ,  9 9 ,1 1 3 1 0 4 .5 0 . 8 9 - 0 . 0 5
10 " 96,  84 ,  94 ,  92 9 1 . 5 0 . 7 8 -0 .1 1
15 " 84 .  72 ,  78,  70 7 6 . 0 0 . 6 4 - 0 . 1 9
20 " 6 2 , 6 3 ,  60 ,  74 6 4 .7 5 0 . 5 5 - 0 .2 6
25 " 5 2 ,  5 0 ,  4 8 ,  46 4 9 . 0 0 . 4 2 - 0 . 3 8
30 " 4 6 ,  36 ,  33,  36 3 7 .7 5 0 . 3 2 - 0 . 4 9
TABLE 11. R esu l ts  o f  n e u t r a l i s a t i o n  o f  Oxford r a b b i t  a n t i  serum w i t h
S t r i c h e n  s t r a i n  o f  i n f e c t i o u s bovine r h i n o t r a c h e i t i s v i r u s .
TIME PLAQUE COUNTS MEAN PLAQUE COUNTS v t / v o Log ^ ^ /v o
0 minutes 6 4 , 5 0 , 5 4 , 5 2 5 5 . 0 1 .00 0 . 0 0
5 " 4 9 , 5 0 , 3 7 , 4 7 4 5 . 7 5 0 . 8 3 - 0 . 0 8
10 " 4 5 , 4 4 , 4 1 , 3 2 4 0 . 5 0 . 7 4 - 0 . 1 3
15 " 3 6 , 3 7 , 4 0 , 4 2 3 8 .7 5 0.71 - 0 . 1 5
20 " 3 3 , 3 1 , 2 7 , 2 5 2 9 . 0 0 . 5 3 - 0 . 2 7
25 " 2 5 , 1 9 , 2 2 , 2 0 2 1 , 5 0 . 3 9 - 0 .4 1
30 " 1 8 ,1 9 , 1 1  ,12 15 L . 2 7 - 0 . 5 7
TABLE 1 2 . R e s u l t s  o f  n e u t r a l i s a t i o n  o f  Oxford r a b b i t  a n t is e r u m  w i t h  
C olorado  s t r a i n  o f  i n f e c t i o u s  bov ine  r h i n o t r a c h e i t i s  v i r u s .
TIME PLAQUE COUNTS MEAN PLAQUE COUNTS v t / v o Log ^ ^ /vo
0 minutes 71 ,6 4 ,81  ,72 7 2 . 0 1 .0 0 0 . 0 0
5 II 5 3 ,5 7 , 7 1  ,59 6 0 . 0 0 . 8 3 - 0 , 0 8
10 II 4 6 , 4 5 , 5 7 , 5 9 5 1 .7 5 0 .7 2 - 0 . 1 4
15 II 4 5 , 4 8 , 4 2 , 4 8 4 5 . 7 5 0 . 6 4 - 0 . 1 9
20 II 3 3 , 2 8 , 3 9 , 3 5 3 3 ,7 5 0 . 4 7 - 0 . 3 3
25 II 2 1 , 2 2 , 2 5 , 3 0 2 4 , 5 0 . 3 4 - 0 . 4 7
30 II 2 1 , 2 1 , 2 1 , 1 7 20 0 .2 8 - 0 . 5 5
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APPENDIX 4
A b b r e v i a t i o n s  used i n  t h i s  A p p e n d i x
C = Congest io n  o f  nasal and v a g in a l  mucosa 
SND = Serous nasal  d is c h a r g e  
SMD = Seromucoid nasal  d isch arg e  
MND = Mucopuru len t  nasal  d is ch arg e  
SOD = Serous o c u l a r  d is c h a rg e  
POD = P u r u l e n t  o c u l a r  d is c h a rg e  
ds = d r o o l i n g  s a l i v a  
WL = W eight  lo s s  
VD = V ag in a l  d is c h a r g e
+++
= Fre q u e nc y /D eg ree  o f  s e v e r i t y
'2«9
TABLE 1 . The d e t a i l s  o f  th e  c l i n i c a l  response f o l l o w i n g  in t r a n a s a l  
c h a l l e n g e  o f  t h e  18 month (Group A) o l d  b u l lo c k s  w i t h  t h e  S t r i c k e n  s t r a i n  
o f  i n f e c t i o u s  bov ine  r h i n o t r a c h e i t i s  v i r u s .
DAY 0 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
A1 A2 A3 A4
DEMEANOUR Br i ght Br ig h t B r i g h t B r ig h t
TEMPERATURE °F 1 0 1 . 6 101 .0 1 0 2 . 0 1 0 1 . 5
PULSE (PR/mi n) 80 80 84 84
RESPIRATORY SYSTEM 
(RR/mi n)
30 30 30 30
EYES - - - -
OTHER SIGNS - - - -
TABLE 1 c o n t ' d . DAY 1 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
A1 A2 A3 A4
DEMEANOUR B r i g h t B r i g h t B r i g h t B r i g h t
TEMPERATURE °F 1 0 1 . 8 1 0 1 . 2 1 0 2 . 0 1 0 1 . 6
PULSE (PR/mi n) 80 80 84 84
RESPIRATORY SYSTEM 
(RR/mi n) 30 30 .  C 30 30
EYES - - - -
OTHER SIGNS — - - -
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TABLE 1 c o n t ' d
DAY 2 PO ST- INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
A1 A2 A3 A4
DEMEANOUR S I .  d u l l S I .  d u l l S I .  d u l l S I . d u l 1
TEMPERATURE ° F 1 0 2 .0 1 0 1 . 5 1 0 2 . 4 101 . 6
PULSE (PR/mi n) 80 80 84 84
RESPIRATORY SYSTEM 
(RR/mi n)
30 .  C. 30 .  C. 
SND
36.  C. 30
EYES - - - -
OTHER SIGNS - " - - -
TABLE  ^ c o n t ' d . DAY 3 POST-INFECTION
CLINICAL PARAMETER ■
EXPERIMENTAL ANIMAL NO.
A1 A2 A3 A4
DEMEANOUR Dull Dul l Du l l Dul l
TEMPERATURE °F 103 .6 1 0 5 .0 1 0 4 .0 1 0 2 . 2
PULSE (PR/mi n) 84 96 90 84
RESPIRATORY SYSTEM 
(RR/  m I n)
30 .  C. 
SND
4 8 .  C. 
SMD
30.  SMD. 
Haemorrhages 
Coughing +
30.  SND
EYES - - - -
OTHER SIGNS Red. a p p e t i t e  
ds
R ed .a p p et  i te 
ds
R ed .ap p e t  i t e  
ds
R ed .a p p e t  i t  
ds
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TABLE 1 c o n t ' d .
DAY 4 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
A1 A2 A3 A4
DEMEANOUR Dull Dul l Dul l Dul l
TEMPERATURE ° F 103 .6 1 0 4 . 2 - 1 0 4 . 2 1 0 2 .0
PULSE (PR/min l 90 108 84 84
RESPIRATORY SYSTEM 
(RR/mi n)
30 .  SMD.
Di p h . 1 es io n s .
60 .  SMD. 
D i p h . l e s i o n s . 
Hyperpnoea.
30 .  SMD. 
D i p h . l e s i o n s .
30 .  C.
SND
EYES - -  - - -
OTHER SIGNS A n o r e x ia A n o re x ia
ds
R e d . a p p e t i t e R e d . a p p e t I  te
TABLE 1 c o n t ' d . DAY ^ POST-INFECTION
CLINICAL PARAMETER ■
EXPERIMENTAL ANIMAL NO.
A1 A2 A3 A4
DEMEANOUR Dull Dul l Dul l Dul l
TEMPERATURE °F 1 0 3 . 0 1 0 3 .3 1 0 2 .5 101 .0
PULSE (PR/m in) 84 96 84 80
RESPIRATORY SYSTEM 
(RR/mi n)
30 .  MND.
D ! p h . 1 es i o n s . 
Cough i ng +
36.  MND. 
) i p h . l es io n s .  
Coughing ++
30 .  SMD. 
D i p h . l es ions
30.  SND. 
D i p h . l e s i o n s
EYES Conj unct  i v i t i s  
SOD
- Conj unct  i v i t i :  
SOD
-
OTHER SIGNS R ed .ap p e t  i t e  
ds
A n o r e x ia
ds
R e d . a p p e t i t e  
ds
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TABLE 1 c o n t ' d .
DAY PO ST - INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
Ai A2 A3 A4
DEMEANOUR Si . d u l l Br i g h t Br i ght B r i g h t
TEMPERATURE ° F 1 0 2 . 5 1 0 2 .0 1 0 1 . 8 101 . 0
PULSE (PR/mi n) 96 108 90 80
RESPIRATORY SYSTEM 
(RR/mi n)
30 .  SMD. 
D i p h . l e s  i o n s . 
Coughing ++
' 36 .  SMD. 
D i p h . l e s i o n s  
Cough i ng +
30 .  SND. 
D i p h . l es ions,
30,  SND. 
D i p h . l e s i o n :
EYES Conj unct  i v i t i s  
SOD
- Conjunct  i v i  t  i : 
SOD
-
OTHER SIGNS ds ds ds -
-
'
TABLE 1 c o n t ' d . DAY POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO,
DEMEANOUR
TEMPERATURE °F
PULSE (PR/mîn)
RESPIRATORY SYSTEM 
(RR/mî n)
EYES
OTHER SIGNS
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TABLE ^ ' The d e t a i l s  o f  th e  c l i n i c a l  response f o l l o w i n g  in t r a n a s a l  
c h a l l e n g e  o f  th e  6 month (Group B) o ld  s t i r k s  w i t h  the S t r i c h e n  s t r a i n  o f  
i n f e c t i o u s  bovine  r h I n o t r a c h e i t Î s v i r u s .
DAY 0 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
B1 B2 B3 84
DEMEANOUR Br i ght Br i ght , B r i g h t B r i g h t
TEMPERATURE ° F 1 0 2 .0 1 0 2 .5 1 0 2 .2 101 . 6
PULSE (PR/m In) 72 72 90 80
RESPIRATORY SYSTEM 
(RR/mi n)
30 .  SND. 36.  SND. 30 30 .  SND.
EYES - - - -
OTHER SIGNS - - - -
TABLE 2 c o n t * d. DAY i POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
B1 B2 B3 B4
DEMEANOUR B r i g h t B r ig h t Q u i e t B r i g h t
TEMPERATURE ° F 1 0 2 . 2 1 0 2 .5 1 0 2 . 5 1 0 2 .2
PULSE (PR/mi n) 84 84 96 96
RESPIRATORY SYSTEM 
(RR/min)
4 8 .  SND. 50 .  SND. 36 .  SND. 50.  SND.
EYES - - SOD -
OTHER SIGNS - - - -
TABLE 2 .  c o n t ' d .
DAY ^ PO ST - INFECTION
CLINICAL PARAMETER
EXPERIMENTAL AN 1 hAL NO.
B1 B2 B3 B4
DEMEANOUR SI . dul 1 Q u ie t S I . d u l l S I . d u l l
TEMPERATURE °F 1 0 3 .2 1 0 3 .6 103.0 1 0 2 . 4
PULSE (PR/mi n) 96 96 * 100 96
RESPIRATORY SYSTEM 
(RR/mi n)
4 0 .  SMD. 
Cough 1ng
50 .  SMD, 4 8 .  SMD, 
Hyperpnoea  
Harsh resp .
4 8 .  SMD.
EYES - - - Conjunct  i v i t i  
SOD
OTHER SIGNS -
TABLE 2 c o n t ' d DAY 3 PO ST - INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
B1 62 B3 84
DEMEANOUR Dull Dul 1 Dul l Dul l
TEMPERATURE ^F 1 0 4 . 6 105.1 1 0 4 . 7 103.0
PULSE (PR/mi n) 86 96 120 96
RESPIRATORY SYSTEM 4 0 .  SMD. 60 .  SMD. 4 8 .  SMD. 36 .  SMD.
(RR/min) C. Cough i ng + D i p h . l e s i o n s Coughing +
-
Cough i ng ++ D i p h . l e s i o n s Harsh re s p . Harsh re sp .
EYES 1 o n j u n c t i v i t i s  
SOD
- ;onj  unct  i v i  ti: 
SOD
Conjunct  i v i t i  
SOD
OTHER SIGNS “ R ed .a ppet  i t e R e d . a p p e t 1t 6 -
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TABLE 2 c o n t ' d
DAY 4 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
B1 B2 B3 B4
DEMEANOUR Dul 1 Dul l Dul l Dul l
TEMPERATURE °F 106.1 1 0 5 .3 1 0 5 . 3 10 5 .0
PULSE (PR/mi n) 144 144 96 108
RESPIRATORY SYSTEM 
(RR/mî n)
60 .  MND. 
Coughing +++  
D i p h . l e s i o n s
6 0 .  MND. 
Dyspnoea. 
D i p h . l e s i o n s  
Coughing +
60 .  SMD. 
Dyspnoea. 
D i p h . l e s i o n :  
Cough i ng +
50 .  SMD.
Di ph . l e s i o n s  
; Cough i ng +
EYES C o n ju n c t i  v i t i s  
++
SOD
Conjunct  i v i t  
SOD
s C o n j u n c t i v i i  
SOD
OTHER SIGNS A n o r e x ia
ds
WL
A n o rex ia
ds
WL
A n o r e x ia
WL
A n o re x ia
ds
WL
TABLE  ^ c o n t ' d DAY POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL A N i m L  NO.
B1 82 B3 B4
DEMEANOUR Dull Dul l Du l l Dul l
TEMPERATURE ®F 1 0 5 . 4 1 0 4 .3 105 .0 103.9
PULSE (PR/mi n) 96 96 96 96
RESPIRATORY SYSTEM 
(RR/mi n)
EYES
36 . Harsh resp  
MND 
D i p h . l e s i o n s  
Cough i ng ++
C o n j u n c t ! v i t i s  
SOD
6 0 . harsh resf  
MND
D i p h . l es ions 
Coughing +
Conjunct  ivi tis 
SOD
5 0 . Harsh res 
SMD 
Hyperpnoea , 
D i p h . l e s i o n s  
Coughing + 
Conj unct ivi t is  
SOD
4 8 . Harsh resp  
MND
D i p h . l e s i o n s  
Cough 1ng +++
C o n j u n c t i v i  t  i 
SOD
OTHER SIGNS A n o r e x ia
ds
A n o rex ia
ds
A n o r e x ia
ds
A n o r e x ia
ds
2
TABLE 2 c o n t ' d
DAY 6 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
Bl B2 B3 B4
DEMEANOUR. SI . d u l l S l .  d u l l S I .  d u l l S I . d u l 1
TEMPERATURE °F 1 0 4 .6 1 0 4 .4 1 0 3 .9 1 0 3 .8
PULSE (PR/mîn) 96 96 84 84
RESPIRATORY SYSTEM 
(RR/mi n)
4 8 , Harsh resp  
MND
Di p h , l e s i o n s
6 0 .H ars h  resp  
MND 
Hyperpnoea
4 8 . Harsh resp 
SMD 
Hyperpnoea  
D i p h . 1 es ions
3 6 , Harsh r e s p .  
SMD
D i p h . les  ions 
Cough i ng -H-
EYES Conj unct  i v i t i -  
SOD
SOD C o n j u n c t i v i t i :  
SOD
SOD
OTHER SIGNS R e d .a p p e t i  t e  
'ds
KILLED TODAY
Red. appet  i te R e d .a p p e t i  t 2 R e d . a p p e t i t e  
ds
KILLED TODAY
TABLE c o n t ' d DAY POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
DEMEANOUR
TEMPERATURE °F
PULSE (PR/mîn)
RESPIRATORY SYSTEM 
(RR/mî n)
EYES
OTHER SIGNS
29?
TABLE The d e t a i l s  o f  the c l i n i c a l  response f o l l o w i n g  i n t r a n a s a l  c h a l l e n g e
o f  th e  5 week (Group C) o ld  c a lv e s  w i t h  the S t r i c h e n  s t r a i n  o f  i n f e c t i o u s  
bovin e  r h i n o t r a c h e i t ! s v i r u s .
DAY 0 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
Cl C2 C3 C4
DEMEANOUR B r i g h t Br i ght Br ig h t B r ig h t
TEMPERATURE °F 101 .5 101 .5 1 0 2 .0 1 0 2 .2
PULSE (PR/min i 90 80 84 80
RESPIRATORY SYSTEM 
(RR/mi n)
30 .  SND. 30 30.  SND. 30
EYES - - - -
OTHER SIGNS - - - SI , d i a r r h o f
TABLE  ^ c o n t ' d . DAY  ^ POST-INFECTION
CLINICAL PARAMETER •
EXPERIMENTAL ANIMAL NO.
Cl C2 C3 C4
DEMEANOUR SI . d u l l S I . d u l 1 S I . d u l l SI . d u l l
TEMPERATURE °F 1 0 2 .0 1 0 1 .5 1 0 2 . 0 1 0 2 .0
PULSE (PR/mi n) 84 96 84 72
RESPIRATORY SYSTEM 
(RR/m 1 n)
30 30 30 30
EYES - Conj unct  i vitis 
SOD
- Conj unct  i v i
OTHER SIGNS - -
TABLE 3 c o n t ' d .
DAY 2 PO ST - INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
Cl C2 03 C4
DEMEANOUR S I . d u l 1 S I . d u l 1 S I . d u l 1 Very dul 1
TEMPERATURE ° F 1 0 2 .5 1 0 2 . 4 102 102
PULSE (PR/mi n) 84 96 84 84
RESPIRATORY SYSTEM 
(RR/mi n)
30 .  C. 
SND.
30 . SMD. 
Cough ing +
36.  C. 
SMD,
3 0 . C.
MND.
EYES C o n j u n c t I v i t i s  
SOD
- - Conjunct  i v i t  
POD
OTHER SIGNS - - -
TABLE 3 c o n t ' d . DAY 3 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIi-IAL NO.
Cl C2 03 C4
DEMEANOUR Dull Dul l Dul l Dul l
TEMPERATURE ^F 1 0 4 . 6 103.0 1 0 2 . 8 101 .6
PULSE (PR/mi n) 72 84 84 60
RESPIRATORY SYSTEM 
(RR/mi n)
30 .  SMD. 
D i p h . l e s i o n s  
Cough i ng ++
3 0 . SMD. 
D i p h . l es ions 
Cough’i ng ++
36 . C.
SMD. 
Cough i ng ++
30 . SMD. 
D i p h . l e s i o n
EYES C onju nct  i v i t i s  
SOD
Conj unct  i v i t i  
SOD
; C onjunct  i v i t i  
SOD
OTHER SIGNS R e d .a p p e t  i t e  
ds
R e d . a p p e t 1 te  
ds
R e d . a p p e t i t e R e d . a p p e t 1 t e  
ds
299
TABLE 3 c o n t ' d .
DAY 2 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL AN 1 MAL NO.
Cl C2 C3 C4
DEMEANOUR SI . d u l 1 S I . d u l 1 S I . d u l 1 Very dul 1
TEMPERATURE ° F 1 0 2 .5 1 0 2 . 4 102 102
PULSE (PR/mîn) 84 96 84 84
RESPIRATORY SYSTEM 30 .  C. ' 30.  SMD. 36.  C. 30.  C.
(RR/min) SND. Cough Î ng + SMD. MND.
EYES Conjunct  i v i t i s . Conj unct i v i
SOD POD
OTHER SIGNS - - - -
TABLE 3 c o n t ' d . DAY 3 PO S T - INFECTION
n  IkJ IPAl  DfiDAMPTCD
EXPERIMENTAL ANIMAL NO.
LL 1 N I UML r r tn ^ n t .  1 C.K
Cl C2 C3 C4
DEMEANOUR Dull Dul l Dul l Dul l
TEMPERATURE ° F 1 0 4 . 6 1 0 3 . 0 1 0 2 . 8 101 . 6
PULSE (PR/mi n) 72 84 84 60
RESPIRATORY SYSTEM 
(RR/min)
30 .  SMD. 
D i p h . l e s i o n s  
Cough Ing ++
30.  SMD. 
D i p h . l e s i o n s  
Cough’i ng ++
36 .  C.
SMD. 
Cough i ng ++
30 .  SMD. 
D i p h . l e s i o n s
EYES Conjunct  i v i  t  i s 
SOD
C o n j u n c t i v i t i  
SOD
; Conju nct  i v i t i s  
SOD
OTHER SIGNS R e d .a p p e t  i t e  
ds
R e d .a p p e t i  t e  
ds
R e d . a p p e t i t e R e d . a p p e t i t e  
ds
299
TABLE 3 c o n t ' d .
DAY ^  PO ST - INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
Cl C2 03 C4
DEMEANOUR Dull Dul l Very d u l 1 Dul 1
TEMPERATURE ° F 1 0 4 .8 1 0 3 .5 1 0 3 . 8 1 0 3 .6
PULSE (PR/mtn) 84 80 120 80
RESPIRATORY SYSTEM 
(RR/mi n)
30 .  SMD. 
D i p h . le s  ions
30.  SMD. 
D i p h . le s  ions
'4 8 .  SMD, 
D i p h . les  ions 
Coughing ++
30.  MND. 
D i p h . l e s  ions
EYES Conj u n c t I v i t i s  
SOD
- Conj unct  i v i t i :  
SOD
Conj unct  i v i t i s
OTHER SIGNS A n o re x ia
ds
A n o rex ia  
, ds
KILLED TODA^
A n o r e x ia A n o re x ia
ds
TABLE 3 c o n t ' d . DAY 5 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
Cl 02 03 C4
DEMEANOUR Dull - Very d u l 1 Very  d u l 1
TEMPERATURE °F 103.2 1 0 2 .5 1 0 2 .6
PULSE (PR/mi n) 84 90 90
RESPIRATORY SYSTEM 
(RR/m i n)
EYES
32 .  SMD.-  
D 1p h . le s  Ions  
Harsh re s p .
C o n junct  i v i t i s  
SOD.
36.  MND. 
D i p h . l e s i o n s  
Coughing ++ 
Harsh re s p .  
Dyspnoea.
C o n j u n c t i v i t i : 
SOD
40 .  SMD. 
D i p h . l e s i o n s  
Harsh r e s p .
G ra n u la r
conj  unct  i v i t i s
POD
OTHER SIGNS A n o r e x ia
ds
A n o re x ia A n o r e x ia
ds
3
TABLE 3 c o n t ' d .
DAY POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
Cl C2 C3 C4
DEMEANOUR Dull - Dul 1 Dul l
TEMPERATURE ° F 1 0 2 .0 1 0 2 .0 101 . 8
PULSE (PR/minl 96 90 90
RESPIRATORY SYSTEM 
(RR/m i n)
EYES
30 .  SMD. 
D i p h . l e s i o n s  
Harsh r esp .
Conjunct  i v i t i s  
SOD
36.  MND.
Di p h . l es ions 
Cough i ng ++ 
Harsh r esp .  
Dyspnoea
36.  MND. 
D i p h . le s  ions
G r a n u la r  
Conjunct  i v i t  
POD.
OTHER SIGNS R ed.appet  Î t e  
ds
-
A no re x ia
ds
KILLED TODAY
TABLE cont  *d. DAY POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
DEMEANOUR
TEMPERATURE ° F
PULSE (PR/mîn)
RESPIRATORY SYSTEM 
(RR/mîn)
EYES
OTHER SIGNS
0
TABLE 4 .  The d e t a i l s  o f  the  c l i n i c a l  response f o l l o w i n g  i n t r a n a s a l  c h a l l e n g e  
o f  th e  2 week o ld  c a lv e s  (Group D) w i t h  th e  S t r i c h e n  s t r a i n  o f  i n f e c t i o u s  
bovin e  r h i n o t r a c h e i t i s  v i r u s ,
DAY 0 POST-INFECT!ON
EXPERIMENTAL ANIMAL NO.
L L IN iLA L  rArlAMh 1 tK
DI 02 03 D4
DEMEANOUR B r i g h t B r i g h t Br i ght Br i ght
TEMPERATURE ° F 1 0 1 . 8 10 2 .5 1 0 1 .5 1 0 1 .5
PULSE (PR/mi n) 96 96 96 96
RESPIRATORY SYSTEM 
(RR/mi n)
30 30 32 30
EYES - - - -
OTHER SIGNS SI Ig h t  p as ty  
yel 1 owlsh  
brown 
d i a r r h o e a ,
- - -
TABLE 4 c o n t ' d . DAY 1 POST-INFECTION
CLINICAL PARAMETER •
EXPERIMENTAL ANIMAL NO.
DI D2 D3 D4
DEMEANOUR S I . d u l l Dul l S I . d u l l S I . d u l 1
TEMPERATURE ° F 1 0 2 . 0 1 0 3 .5 1 0 1 . 8 1 0 2 .2
PULSE (PR/mi n) 84 96 90 84
RESPIRATORY SYSTEM 
(RR/min)
3 0 .  SMD.
c.
32.  MND. ‘ 32
Harsh re s p .
30
EYES SOD — — Conj unct  i v i  SOD
OTHER SIGNS Y e l 1 owlsh  
brown p as ty  
d i a r r h o e a
—
TABLE 4 c o n t ' d
DAY 2 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
DI D2 D3 D4
DEMEANOUR Dull Very  d u l 1 S I .  d u l l Dul l
TEMPERATURE °F 103.2 1 0 3 . 5 1 0 3 .0 1 0 2 .5
PULSE (PR/mîn) 96 96 96 84
RESPIRATORY SYSTEM 
(RR/mi n)
30 .  SND 
D i p h . l e s i o n s
32.  MND 32.  SND 30 .  SND
EYES C o n ju n c t i  v i t i s  
POD
- Conj unct  i v i t  
SOD
s C o n j u n c t i v i  
SOD
OTHER SIGNS D ia r r h o e a - -
TABLE c o n t ' d DAY POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANII-iAL NO.
DI D2 D3 D4
DEMEANOUR Very d u l 1 Dul l D u l l Du l l
TEMPERATURE °F 1 0 2 .0 1 0 4 .5 1 0 6 .0 1 0 4 . 3
PULSE (PR/mi n) 96 96 96 90
RESPIRATORY SYSTEM 
(RR/mi n)
42.hfersh resp 
MND
D i p h . l es ions
3 4 . Harsh resp 
SND
D i p h . l e s i o n s  
Cough i ng ++
3 6 . Harsh res  
MND 
Diph.  le s  ion;
32 . Harsh r esp .  
SND
i D i p h . l e s i o n s  
Coughing +
EYES C onjunct  i v i  t  i s 
SOD
Con juncti  v i  t i s  
SOD
Conju nct  i v i  t  
SOD
s C o n j u n c t i v i t i s  
SOD
OTHER SIGNS D ia r rh o e a  
R ed.appet  i t e  
ds
DEAD BY NOON
R ed.a ppet  i t e  
ds
R e d .a p p e t  i t< 
ds
: R e d . a p p e t i t e  
ds
3Û3
TABLE 4 c o n t ' d
DAY 4  POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
01 D2 D3 D4
DEMEANOUR Dull Dul l Dul l
TEMPERATURE ° F 105.1 1 0 6 .0 1 0 4 .5
PULSE (PR/mi n) 96 96 96
RESPIRATORY SYSTEM 
(RR/mi n)
36 .  SMD. 
D i p h . l e s i o n s
4 0 .  SMD. 
D i p h . l e s i o n s
3 6 , Harsh resp  
SMD
D i p h . l e s i o n s
EYES Conj unct i v i t i  
SOD
^Conjunct  i v i t i  
SOD
s
OTHER SIGNS
'
A no rex ia
ds
A n o re x ia
ds
A n o re x ia
ds
TABLE 4  c o n t ' d DAY 5 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
DI D2 03 04
DEMEANOUR Dull Dul l Du l l
TEMPERATURE ° F 1 0 4 .5 10 6 .6 1 0 4 . 5
PULSE (PR/mi n) 96 96 90
RESPIRATORY SYSTEM 
(RR/mi n)
4 0 .  SMD. 
D i p h , le s  ions
36 .  SMD. 
D i p h . l e s i o n s
36 . Harsh re 
MND 
D i p h . l e s i o n s
EYES Conjunct ivi t is
SOD
C o n ju x t  i vi tis 
SOD
Conj unct i v i t i s  
SOD
OTHER SIGNS Red .a p p et  i t e  
ds
R e d . a p p e t i t e  
KILLED TODAY
R e d . a p p e t i t e  
ds
3 0 4
TABLE 4- c o n t ' d
DAY^ POST-INFECTION
CLINICAL PARAMETER
DEMEANOUR
TEMPERATURE ° F
PULSE (PR/mîn)
RESPIRATORY SYSTEM 
(RR/mî n)
EYES
OTHER SIGNS
EXPERIMENTAL ANIMAL NO.
DI
DEAD
D2
Dul 1 
106.8 
96
4 8 , Harsh resp  
Dyspnoea 
SMD
D i p h . l e s i o n s
Conj unct  i v i t i  
SOD
D ia r rh o ea  
R e d . a p p e t i t e  
ds
D3 D4
Dul l
1 0 3 .5
96
4 2 . Harsh resp.  
SMD
D i p h . l e s i o n s
C o n j u n c t i v i t i s  
SOD
D ia r rh o ea  
R ed .a pp e t  i t e
TABLE c o n t ' d DAY POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
DEMEANOUR
TEMPERATURE ° F
PULSE (PR/mi n)
RESPIRATORY SYSTEM 
(RR/mi n)
EYES
OTHER SIGNS
3«5
TABLE 5 . The d e t a i l s  o f  t h e  c l i n i c a l  r e s p o n s e  f o l l o w i n g  i n t r a n a s a l
c h a l 1enge o f  t h e  6 month o l d  (Group E) s t i r k s  w i t h  t h e  C o l o r a d o  s t r a i n  o f
i n f e c t i o u s  b o v i n e  r h i n o t r a c h e i t i s  v i r u s .
DAY 0 POST-INFECTION
CLINICAL PARAMETER EXPERIMENTAL ANIFAL NO.
El E2 E3 E4
DEMEANOUR Br i ght B r i g h t Br i ght B r i g h t  .
TEMPERATURE ° F 101 .5 1 0 1 . 8 101 .2 101 .5
PULSE (PR/mi n) 80 84 84 84
RESPIRATORY SYSTEM 
(RR/mi n)
30 30 30 30
EYES - - - -
OTHER SIGNS - - - -
TABLE 5 . c o n t ' d DAY 1 POST-INFECT I ON
CLINICAL PARAMETER EXPERIMENTAL AN 1 MAL NO.
El E2 E3 E4
DEMEANOUR B r i g h t B r i g h t Br i ght B r i g h t
TEMPERATURE 101 . 6 1 0 2 . 2 101 .8 1 0 2 . 4
PULSE (PR/min) 84 90 84 84
RESPIRATORY SYSTEM 
(RR/mi n) 30 So,Harsh resp  
Coughing ++
30 30
EYES - - - -
OTHER SIGNS - - - -
3 6
TABLE 5 .  c o n t ' d
DAY 2 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
El E2 E3 E4
DEMEANOUR Dull Dul l ' Dul 1 Dul l
TEMPERATURE °F 1 0 5 .2 10 2 .5 1 0 4 .2 1 0 3 . 8
PULSE (PR/mîn) 90 96 96 96
RESPIRATORY SYSTEM 
(RR/mî n)
4 0 . Harsh resp  
SND 
Coughing ++
6 0 .Harsh resp  
SND 
Cough i ng ++
48  
SND 
Coughing 4-f
4 0 . Harsh re sp .  
SND 
Cough i ng ++
EYES - - SOD -
OTHER SIGNS - - - -
-
TABLE 5 c o n t ' d DAY 3 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
El E2 E3 E4
DEMEANOUR Dull • Dul 1 Du l l Du l l
TEMPERATURE ° F 1 0 6 . 2 1 0 4 .7 105.1 1 0 5 . 8
PULSE (PR/mi n) 90 96 96 90
RESPIRATORY SYSTEM 
(RR/mi n)
4 0 . Harsh resp  
SND
D i p h . l e s i o n s  
Cough i ng ++
60 .H arsh  resp  
SND
D i p h . l e s i o n s  
Cough i ng
4 8 , Harsh res 
SMD
D i p h . l e s i o n s  
Cough i ng
4 0 . Harsh resp  
SND
Coughing
EYES Conjunct  ivitis 
SOD
- SOD -
OTHER SIGNS ds ds - ds
3 H 7
TABLE 5 c o n t ' d
DAY 4 P OST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
El E2 E3 E4
DEMEANOUR Dul 1 Dul l Du l l Du l l
TEMPERATURE ° F 105.6 1 0 . 8 1 0 5 . 4 105.2
PULSE (PR/ml n) 90 96 90 90
RESPIRATORY SYSTEM 
(RR/min)
4 8 . Harsh re sp .  
SND
D i p h . l e s i o n s  
Cough Î ng ++
66 Harsh resf  
SND
D i p h . l es ions 
Cough Î ng ++
4 8 . Harsh resp 
SND
D i p h . le s  ions 
Cough i ng ++
4 8 . Harsh res  
SND
D i p h . le s  ions 
Cough i ng ++
EYES Conj unct  i v i t i s  
SOD
- - -
OTHER SIGNS ds
KILLED TODAY
- - -
TABLE  ^ c o n t ' d . DAY 5 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANII-IAL NO.
El E2 E3 E4
DEMEANOUR S I . d u l 1 Dul l S I . d u l l
TEMPERATURE ° F 1 0 2 . 8 1 0 4 . 2 103.0
PULSE (PR/mi n) 96 96 84
RESPIRATORY SYSTEM 
(RR/m I n)
60 .H a rsh  req  ^
SMD
D i p h . l e s i o n s
4 0 .H a r s h  resp  
SND
Di ph . 1 es ions
36
SND
D I p h . le s  ions 
Cough Ing ++
EYES - - -
OTHER SIGNS -
3 0 8
TABLE ^ c o n t ' d
DAY POST- INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
Ei E2 E3 E4
DEMEANOUR Dull S I . d u l 1 S I . d u l 1
TEMPERATURE ®F 1 0 4 .0 1 0 2 . 7 1 0 2 .2
PULSE (PR/mi n) 96 90 90
RESPIRATORY SYSTEM 4 8 . Harsh resp 4 0 . Harsh resp 40
(RR/min) R e s p . s t e r t o r SMD SMD
MND D i p h . l e s i o n s D i p h . l e s i o n s
D i p h . l e s i o n s Cough I ng +■>•
EYES
■
OTHER SIGNS - -
KILLED TODAY
TABLE c o n t ' d . DAY PO S T - INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO
DEMEANOUR
TEMPERATURE ° F
PULSE (PR/mîn)
RESPIRATORY SYSTEM 
(RR/mîn)
EYES
OTHER SIGNS
3F 9
TABLE 6 , The d e t a i l s  o f  t h e  c l i n i c a l  r es po ns e  f o l l o w i n g  i n t r a n a s a l
c h a l l e n g e  o f  t h e  6 month (Group F) s t i r k s  w i t h  t h e  O x f o r d  s t r a i n  o f
i n f e c t i o u s  b o v i n e  r h i n o t r a c h e i t i s v i r u s .
DAY 0 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
FI F2 F3 FA
DEMEANOUR B r i g h t B r ig h t B r I g h t B r i g h t
TEMPERATURE ° F 1 0 1 .5 10 2 .0 1 0 1 .5 1 0 2 .0
PULSE (PR/mi n). 90 90 90 90
RESPIRATORY SYSTEM 
(RR/mi n)
30 30 30 30
EYES - - - -
OTHER SIGNS - - — -
TABLE 2 c o n t ' d . DAY  ^ POST-INFECTION
CLINICAL PARAMETER ■
EXPERIMENTAL ANIMAL NO.
FI F2 F3 FA
DEMEANOUR B r i g h t . B r i g h t Br i ght Br i ght
TEMPERATURE ° F 101 . 8 1 0 1 . 5 1 0 2 .5 1 0 2 .5
PULSE (PR/mi n) 90 96 96 96
RESPIRATORY SYSTEM 
(RR/mi n)
30 ^2.Harsh resp  
Coughing +
30
Cough i ng +
60
Harsh re s p .
EYES — SOD - -
OTHER SIGNS - - - -
310
TABLE 6 c o n t ' d
DAY 2 PO S T - INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
FI F2 F3 FA
DEMEANOUR S I . d u l l S I . d u l 1 S I . d u l l S I . d u l 1
TEMPERATURE ° F 1 0 2 . 2 1 0 3 .0 1 0 3 . 0 1 0 2 .5
PULSE (PR/mi n) 96 96 96 96
RESPIRATORY SYSTEM 
(RR/mi n)
30
SND
3 6 . Harsh resj; 3 2 . Harsh resp 
Cough i ng +
3 6 . Harsh res
EYES - - -
OTHER SIGNS - - -
TABLE 6 c o n t ' d . DAY 3 POST-INFECTION
CLINICAL PARAMETER ■
EXPERIMENTAL ANIMAL NO.
FI F2 F3 FA
DEMEANOUR Dull Dul l Du l l Dul l
TEMPERATURE ° F 1 0 2 . 0 1 0 3 .5 1 0 2 . 5 1 0 2 .0
PULSE (PR/mi n) 90 96 96 96
RESPIRATORY SYSTEM 
(RR/min)
30.  SND.
c.
3 6 . Harsh r e s ;  
SND
3 6 . Harsh r e s ; A2.Harsh  re
EYES - - - -
OTHER SIGNS - - — -
TABLE 6 c o n t ' d
DAY 4 PO ST - INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
FI F2 F3 FA
DEMEANOUR Dun Dul l Dul l Dull
TEMPERATURE 1 0 2 .0 10 2 .5 1 0 3 .5 1 0 2 . 8
PULSE (PR/mi n) 90 96 . 96 96
RESPIRATORY SYSTEM 
(RR/mi n)
32 .  SND.
c.
36.
c.
3 6 . Harsh resp  
D i p h . l e s i o n s
A8.Harsh  res
EYES - - - -
OTHER SIGNS - - -
KILLED TODAY
TABLE^ c o n t ' d . DAY^ POST-INFECTION
CLINICAL PARAMETER ■
EXPERIMENTAL ANIMAL NO.
FI F2 F3 FA
DEMEANOUR S I . d u l l S I . d u l 1 - S I . d u l 1
TEMPERATURE ° F 102.1 103.1 101 . 8
PULSE (PR/m in) 90 90 96
RESPIRATORY SYSTEM 
(RR/m I n)
30 .  SND.
c.
3 2 . Harsh 
r e s p .  Ç.
AO.Harsh res
c.
EYES - - -
OTHER SIGNS - - -
312
TABLE 6 c o n t * d
DAY °  POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
FI F2 F3 F4
DEMEANOUR S I . d u l 1 S I . d u l l - S I . d u l l
TEMPERATURE 1 0 2 .0 1 0 2 . 4 101 .5
PULSE (PR/mi nl 90 90 96
RESPIRATORY SYSTEM 
(RR/min)
3 0 .  SND 
C.
3 2 . Harsh resp  
C.
Coughing ++
4 2 .  Harsh re
c.
EYES - - -
OTHER SIGNS - -
KILLED TODAY
TABLE c o n t • d. DAY POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL A N l f^ L  NO,
DEMEANOUR
TEMPERATURE
PULSE (PR/mîn)
RESPIRATORY SYSTEM 
(RR/m î n)
EYES
OTHER SIGNS
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TABLE 7. The d e t a i l s  o f  t h e  c l i n i c a l  r e s p o n s e  f o l l o w i n g  i n t r a v a g l n a l
c h a l l e n g e  o f  t h e  12 month (Group G) h e i f e r s  w i t h  t h e  S t r i c h e n  s t r a i n  o f
i n f e c t i o u s  b o v i n e  r h i n o t r a c h e i t i s  v i r u s .
DAY 0 POST-INFECTION
CLINICAL PARAMETER EXPERIMENTAL ANIMAL NO.
G1 G2 G3 G4
DEMEANOUR B r ig h t B r ig h t Br i ght Br i ght
TEMPERATURE °F 101 . 4 10 1 .2 101 .6 1 0 1 . 6
PULSE (PR/miri) - - - “
RESPIRATORY SYSTEM 
(RR/mi n)
EYES - - - -
REPRODUCTIVE SIGNS - - - -
TABLE 7 c o n t ' d DAY POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIi-IAL NO.
G1 G2 G3 ' G4
DEMEANOUR B r i g h t B r i g h t Br ig h t B r ig h t
TEMPERATURE ° F 1 0 1 .6 ’ 10 1 .2 1 0 1 . 4 101 .2
PULSE (PR/ml n) - - - -
RESPIRATORY SYSTEM 
(RR/min)
- - - -
EYES - - - -
REPRODUCTIVE SIGNS c.
Smal 1 
ves i c l  es
c.
Smal 1 
ves i cl  es
c.
Smal 1 
ves i cl es
c.
P u s tu le s
314
TABLE / c o n t ' d
DAY 2 POST- INFECT!ONI
CLINICAL PARAMETER EXPERIMENTAL ANIMAL NO.
61 G2 G3 G3
DEMEANOUR S I , dul 1 S I ,  d u l l S I . d u l l S I .  d u l l
TEMPERATURE ° F 1 0 1 .2 101 .0 1 0 2 .0 101 .2
PULSE (PR/min) - - - -
RESPIRATORY SYSTEM 
(RR/mi n) -
- - -
EYES - - -
REPRODUCTIVE SIGNS C.
P u s tu le s  +++ 
VD
T a i l  sw ish in g
C.
P u s tu le s  +++ 
VD
T a i l  swishing  
U 1c era t  ion
c.
^u stu les  ++
VD
Fai l  sw ishing
c.
P u s tu le s  +-ÎH 
VD
T a i l  sw ish i i
TABLE 7 c o n t ' d DAY 3 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANM-1AL NO.
GÎ G2 G3 G4
DEMEANOUR SI . d u l l S I . d u l l S I . d u l l S I . d u l l
TEMPERATURE ° F 1 0 1 . 0 101 .5 101 .2 1 0 1 . 2
PULSE (PR/mi n) - - - -
RESPIRATORY SYSTEM 
(RR/mi n) -
- - -
EYES - - - -
REPRODUCTIVE SIGNS C.
P u s t u l es +
VD
Constant
m i c t u r i t i o n  
T a i l  sw ish ing
c .
P u s t u l es + 
T a i l  swishing
C.
P u s tu les  +
VD
C onstant
m i c t u r i t i o n  
T a i l  swish.ing
c.
P u s t u l es 
U 1c era t  ion;  
VD
T a i l  swish
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TABLE 7 c o n t ' d
DAY 4 POST- INFECTION
CLINICAL PARAMETER EXPERIMENTAL AN INAL NO.
Gl G2 G3 G4
DEMEANOUR S I . d u l l Br ig h t Br i ght B r i g h t
TEMPERATURE °F 101 .2 1 0 2 .0 1 0 1 .5 1 0 1 .7
PULSE (PR/mîn) - - ■ _ -
RESPIRATORY SYSTEM 
(RR/mi n)
-
EYES - - - -  .
REPRODUCTIVE SIGNS
c.
P u s tu le s  + 
Tai.l sw ish in g
KILLED TODAY
c.
P u stu les  +
Ta i 1 swi sh inr 
U 1 c e r a t  i on
c .
P u s tu le s  ++ h 
VD
U 1cera t  i on 
T a i l  swishing
c.
Pu stu les  ++ 
VD
T a i l  sw ishi  
KILLED TODA
TABLE 7 c o n t ' d DAY 5 P OST- INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
Gl G2 G3 G4
DEMEANOUR " B r i g h t B r 1ght -
TEMPERATURE °F 1 0 2 .0 1 0 1 . 8
PULSE (PR/mi n) - -
RESPIRATORY SYSTEM 
(RR/mi n)
EYES - -
REPRODUCTIVE SIGNS
c .
U lc e rs  +
T a i l  swi shin
P u s t u l es +
Y e l 1owi sh-
gwhite
p u r u l e n t  d i s .
T a i l  swishing
C o n s t a n t ^ ._m 1 c i  ur.Ltj.Da...
3 Î 6
TABLE 7 c o n t ' d
DAY °  POST- INFECT!ON
CLINICAL PARAMETER EXPERIMENTAL ANIMAL NO.
Gl G2 G3 G4
DEMEANOUR - Br i ght Br i ght -
TEMPERATURE °F 101 . 8 1 0 2 .2
PULSE (PR/mi n) - -
RESPIRATORY SYSTEM 
(RR/min)
- -
EYES - -
REPRODUCTIVE SIGNS c.
P u s t u l es ++ 
U1cers  
T a i l  swishing
c.
P u s t u l es 
P u r u l e n t  y e l l  
w h i t e  v a g in a l  
d isc ha rg e ,  .
Ta 1.1..5,w ish in g
owi sh
TABLE c o n t ' d DAY PO ST - INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
DEMEANOUR
TEMPERATURE °F
PULSE (PR/mi n)
RESPIRATORY SYSTEM 
(RR/mi n) •
EYES
REPRODUCTIVE SIGNS
-
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TABLE ^ , The d e t a i l s  o f  t h e  c l i n i c a l  response f o l l o w i n g  Lungworm ( P . v i v i  parus)  
l a r v a e  i n f e c t i o n  o f  s t i r k s  (Group H) which had recovered  from an e x p e r im e n ta l  
i n f e c t i o n  w i t h  th e  S t r i c h e n  s t r a i n  o f  i n f e c t i o u s  bovine  r h i n o t r a c h e i t i s  v i r u s .
DAY 0 POST-INFECTION
CLINICAL PARAMETER EXPERIMENTAL ANIMAL NO.
HI H2 H3 H4
DEMEANOUR Br i ght Br i ght B r i g h t B r i g h t ;
TEMPERATURE °F 101 .5 10 2 .0 1 0 1 . 8 1 0 2 .5
PULSE (PR/m in) 80 72 80 84
RESPIRATORY SYSTEM 
(RR/mi n)
36 30 3 0 . Harsh resp 3 6 . Harsh res
EYES - - - -
OTHER SIGNS - - - -
TABLE 8 . c o n t ' d DAY 11 POST-INFECT I ON
CLINICAL PARAMETER EXPERIMENTAL ANIMAL NO.
HI H2 H3 H4
DEMEANOUR S I . d u l l B r i g h t S I . d u l l S I . d u l l
TEMPERATURE ° F 101 .2 1 0 2 .0 10 2 .0 1 0 2 .5
PULSE (PR/min) 80 72 80 84
RESPIRATORY SYSTEM 
(RR/min) 36
Coughing +
30 30 . Harsh resp  
Coughing +
36 . Harsh res  
Coughing -<■+
EYES - - - -
OTHER SIGNS — - - -
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TABLE 8.  c o n t ' d .
D A Y  12 POST- INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
HI H2 H3 H4
DEMEANOUR S I . d u l l S I .  d u l l S I . d u l 1 S I . d u l l
TEMPERATURE °F 101 .2 102.1 1 02 .2 1 0 2 . 5
PULSE (PR/mi n) 80 72 80 84
RESPIRATORY SYSTEM 
(RR/ml n)
36 .
Cough i ng ++
30 32 . Harsh resp  
Cough i ng ++
36 , Harsh res  
Cough ing ++
EYES - - -
OTHER SIGNS - - - -
TABLE ^ c o n t ' d . DAY POST-INFECTION
CLINICAL PARAMETER ■
EXPERIMENTAL ANIMAL NO.
HI H2 H3 H4
DEMEANOUR S I . d u l l S I . d u l l S I . d u l l S I . d u l l
TEMPERATURE ° F 1 0 2 .2 1 0 2 .5 1 0 2 .2 1 0 2 .6
PULSE (PR/m in) 84 80 84 90
RESPIRATORY SYSTEM 
(RR/mi n)
36 . Harsh resp  
SND 
Coughi ng
32 . Harsh resf  
Cough Ing
36 . Harsh resç> 
SND 
Cough i ng
4 0 .H a r s h  res 
SMD 
Cough i ng +4-
EYES - - - -
OTHER SIGNS - - - -
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TABLE 8 c o n t ' d .
DAY 14 PO S T- INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
Hi H2 H3 H4
DEMEANOUR Dull Dul 1 Dul 1 Dul 1
TEMPERATURE ° F 104.1 . 104.1 1 0 4 .0 105.1
PULSE (PR/mîn) 84 92 96 100
RESPIRATORY SYSTEM 
(RR/min)
78 . Harsh resp  
SND 
Coughing ++
9 6 . Ha'Sh resp 
Coughing +
r02.hfersh ræp  
SMD 
Dyspnoea 
Cough 1ng ++
72 , Harsh res  
SMD 
Coughing ++ 
Rhonch i
EYES — — —
OTHER SIGNS — —, — —
TABLE c o n t ' d . DAY 15 POST-INFECTION
1^1 IM irAf DADAMCrTETD
EXPERIMENTAL ANIMAL NO.
LL  1 N 1 UAL rA K A r it . 1 Lr\
HI H2 H3 H4
DEMEANOUR Dull Dul l Dul l Dul l
TEMPERATURE * F 1 0 4 .2 1 0 4 .0 103.7 105.6
PULSE (PR/mi n) 96 84 90 100
RESPIRATORY SYSTEM 
(RR/min)
EYES
8 4 , Harsh r e ^  
SMD 
Cough Î ng
72 . Harsh resp 
SMD 
Muzz le  
e n c ru s te d  
and p e e l i ng
Conjunct  i v i  t  i : 
in  l e f t  eye
8 4 . Harsh resp 
SMD 
Cough ing
8 4 . Harsh re  
SMD 
Cough i ng -h  
D i p h . l e s i o i
OTHER SIGNS R e d .a p p e t  i t e  
KILLED TODAY
R ed .a p p et  i t e R e d .a p p e t i  t e A n o re x ia
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TABLE
DAY 16 P OST- INFECTION
CLINICAL PARAMETER EXPERIMENTAL ANIMAL NO.
HI H2 H3 H4
DEMEANOUR Dull Dul l Dul 1:
TEMPERATURE 103.0 1 0 3 . 4 1 0 4 . 5
PULSE (PR/mi n) 90 • 90 96
RESPIRATORY SYSTEM 
(RR/mi n)
6 6 . Harsh resp  
Coughing ++
8 0 . Harsh resp 
Coughing ++
7 2 . Harsh res  
SND
D i p h . l e s i o n s
EYES - - -  —
OTHER SIGNS R e d . a p p e t i t e - R e d . a p p e t i t e
TABLE G ■ c o n t ' d DAY 17 POST-INFECT I ON
CLINICAL PARAMETER EXPERIMENTAL ANIMAL NO.
HI H2 H3 H4
DEMEANOUR Dull Dul l Dul l
TEMPERATURE ° F 1 0 3 .0 1 0 3 . 4 1 0 4 .5
PULSE (PR/min) 90 90 96
RESPIRATORY SYSTEM 
(RR/mi n)
6 6 . Harsh resp 
Coughing ++
8 0 . Harsh res;  
Cough i ng ++
i 7 2 . Harsh r e s p ,  
SND
D i p h . l e s i o n s
EYES - - -
OTHER SIGNS R e d . a p p e t i  te - R e d .a p p e t  i t e
' KILLED TODAY
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TABLE 5 .  The d e t a i l s  o f  th e  c l i n i c a l  response f o l l o w i n g  i n t r a n a s a l  c h a l l e n g e  
w i t h  th e  S t r i c h e n  s t r a i n  o f  i n f e c t i o u s  bovine r h i n o t r a c h e i t i s  v i r u s  on 
"Pneumovac Plus'" v a c c in a t e d  a n im a ls  (Group K) .
DAY 0 POST- INFECTION
EXPERIMENTAL ANIMAL NO.
CLINILAL PARAMh1cK
K1 K2 K3 K4
DEMEANOUR B r i g h t B r i g h t Br i ght Br ig h t
TEMPERATURE ° F 102.0 102.0 102.0 102.5
PULSE (PR/mi n) 80 So 80 72
RESPIRATORY SYSTEM 
(RR/min)
30 30 30 28
EYES - - - -
OTHER SIGNS - - -
TABLE 9 c o n t ' d . DAY 1 POST-INFECTION
CLINICAL PARAMETER ■
EXPERIMENTAL ANIMAL NO.
K1 K2 K3 K4
DEMEANOUR B r i g h t B r ig h t S I . d u l l B r ig h t
TEMPERATURE ®F 102.1 102.0 102.2 102.5
PULSE (PR/mi n) 80 80 84 72
RESPIRATORY SYSTEM 
(RR/m i n)
30 30 30 30
EYES - - - -
OTHER SIGNS - - - -
TABLE 9 c o n t ' d
DAY 2 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
Kl K2 K3 K4
DEMEANOUR Br Ig h t S I . d u l l S I . d u l l B r i g h t
TEMPERATURE ° F 102.1 1 0 3 .5 10 4 .2 1 0 2 .0
PULSE (PR/mîn) 84 80 80 84
RESPIRATORY SYSTEM 
(RR/min)
30 .  SND 3 0 .  SND 3 2 .  SND 30 .  SND
EYES - - - -
OTHER SIGNS - - - -
TABLE 9 c o n t ' d DAY 3 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
Kl K2 K3 K4
DEMEANOUR Dull Dul l Du l l Dul l
TEMPERATURE ° F 1 0 6 .0 1 0 6 .0 1 0 5 .6 1 04 .2
PULSE (PR/mîn) 96 96 90 80
RESPIRATORY SYSTEM 
(RR/min)
6 0 , Harsh resp  
SMD
9 0 . Harsh resp  
SND
8 0 . Harsh re ;  
MND
7 0 . Harsh resp
EYES
D i p h . l e s i o n s  
R e s p s t e r t o r
D i p h . l e s  ions 
Cough ing
D i p h . l  es Ion;  
Cough î ng
SND
Di p h . l é s i o n s
SOD POD POD
OTHER SIGNS R e d . a p p e t i t e  
ds
A n o re x ia
ds
A n o re x ia R e d .a p p e t  i t e
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TABLE 9 c o n t ' d
DAY 4 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO.
K1 K2 K3 K4
DEMEANOUR D u n Dul l Dul l Dul l
TEMPERATURE °F 1 0 4 .6 104 .2 1 0 4 .3 1 0 4 .0
PULSE (PR/mi n). 96 96 90 80
RESPIRATORY SYSTEM 
(RR/m I n)
EYES
7 0 , Harsh r e s p .  
MNO
R e s p . s t e r t o r  
Cough i ng 
D i p h . l e s i o n s
SOD
5 0 . Harsh res;  
MND
D ip h .1 es i ons
Conjunct i vî  t  i : 
POD
' 4 8 . Harsh resp 
SND 
Cough i ng 
D i p h . le s  ions
Conjunct  1v i  t  i : 
POD
4 8 . Harsh res;  
SND
D i p h . l  e s ion;  
Cough ing
OTHER SIGNS A no re x ia
ds
A n o re x ia
ds
Ano re x ia
ds
A n o re x ia
TABLE cont  *d . DAY P OST- INFECTION
n  i w i r ^ A i  D A D A M P T r p
EXPERIMENTAL ANIMAL NO.
LLIN ILML rM KAnt1cK K1 K2 K3 K4
DEMEANOUR S I . d u l 1 S I . d u l 1 S I . d u l l S I . d u l l
TEMPERATURE °F 1 0 3 .5 1 0 2 .3 1 0 2 .7 1 0 2 . 6
PULSE (PR/mi n) 8 0 8 6 8 0 8 0
RESPIRATORY SYSTEM 
(RR/min)
3 6 . Harsh re s p .  
MND
D i p h . l es ions
5 0 .Harsh resp 
MND
D i p h . l es ions  
Cough i ng
40
SMD
D i p h , l e s i o n s
40  
SND 
D i p h . l e s i o n  
Cough i ng
EYES "■ SOD — SOD
OTHER SIGNS R e d . a p p e t 1 t e R e d . a p p e t i t e  
ds
- ■ -
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TABLE 5 c o n t ' d .
DAY 6 POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL AN 1 MAL NO.
K1 K2 K3 K4
DEMEANOUR SI .d u n B r i g h t Br i ght B r ig h t
TEMPERATURE ° F 1 0 3 .2 1 0 2 .0 1 0 2 .2 1 0 2 .0
PULSE (PR/min) 80 80 72 80
RESPIRATORY SYSTEM 
(RR/mi n)
4 0 . Harsh resp  
SMD
4 0 . Harsh res  
SMD
30
SND
36 . Harsh re 
SMD
D i p h . le s  ions D i p h . l e s i o n s  
Cough i ng
D i p h . l e s i o n s D i p h . l e s i o n
EYES - - - -
OTHER SIGNS - - - -
■
TABLE c o n t ' d . DAY POST-INFECTION
CLINICAL PARAMETER
EXPERIMENTAL ANIMAL NO,
DEMEANOUR
TEMPERATURE °F
PULSE (PR/min)
RESPIRATORY SYSTEM 
(RR/m i n)
EYES
OTHER SIGNS
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